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From standing crop to bales safely stowed in the 
barn, this modern method of putting up hay takes 
only 2.5 man-hours per ton. Under the same 
typical conditions, handling as loose hay with 
hayloader, pitchfork and slings would take 3.4 
man-hours. Tonnage per man-hour is boosted 
36 percent, yet this is only the minor gain from 
the Case system of haymaking. 


Less exposure to sun saves more of carotene, the 
critical pro-vitamin A. Less exposure to dew and 
less risk of rain guard the precious protein, solu- 
ble carbohydrates and minerals from leaching. 
Loss of leaves by shattering, from over-curing 
and repeated handling, is minimized. 


Bright green in color, tempting in aroma, such 
hay earns the name “Packaged Pasture.” In extra 
protein alone it often carries a per-acre premium 


equal to several bags of bran. In flow of milk 
and growth of young animals it multiplies still 
further the yield from man-hours in the meadow. 


Designed and priced for profitable ownership by 
individual farmers, the Case Sliced-Hay baler is 
so simple that boys can operate it. Like all Case 
machines it is built for ENDURANCE, the qual- 


ity that holds down equipment charges per year 
and per acre. 


Case engineering carries things through, along 
these parallel paths, to the end-result. That final 
purpose is to achieve the highest net yield per 
man-hour, after all deductions for other costs, 
especially the over-all costs for power and mia- 
chinery. Thus comes better nourishment for tle 
nation, better income for the farm family, less of 
drudgery and more of dignity in farm work. 
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EDUCATIONAL MATERIAL ON ADVANCED PRACTICES. In cooperation 
with the Soil Conservation Service and other agricultural authorities 
Case has prepared movies, booklets, etc., of educational value. Most 
of the films are in full color and sound; all are in 16 mm. width. 
Several have parallel booklets of similar scope. Charts and posters 
are suited to classroom and exhibit use. Some of the subjects are 
terracing with plows, building ponds, making high-protein hay. Send 
for booklet, “Visual Education Materials.” J. I. Case Co., Racine, Wis. 
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OUGLAS FIR PLYWOOD is 
frequently used for the hard- 
est jobs in house remodeling—the 
places which are most critical and 
which receive the greatest wear and 
stress in service. 

7 The rural home remodeling illus- 

trated on this page is an example. 
Here fir plywood was used as an 
underlay over rough, worn floors. 
Linoleum cemented over it will re- 
main smooth, and give added years 
of service. Walls and ceilings of the 
kitchen, utility room and bath were 
' fir plywood with paint or stain fin- 
_ : ishes. Such walls take the wear im- 


ete posed by daily use, remain clean 
| and are easily refinished. 

For cabinet work in the kitchen, 
utility room, bath, linen closets, and 
numerous built-in fixtures and 
equipment in the modern house, 
plywood has no substitute. The 
wide, easily-worked panels are avail- 
able in a range of thicknesses to 
suit the job. There is wide latitude 

; in finishing with stains, paints, var- 
milk nishes, enamels, and wallpaper. 
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House floor plans before and after—The plans 
show economy in remodeling. Main outlines were 
left intact except for adding a utility room and 
raising the rear of roof. Bearing partitions, 
stairs and plumbing were left in place. 


Tacoma 2, Wash. 


Bhouse 


One before and two after photo- 
graphs of exterior rural home 
of Lt. Col. and Mrs. R. D. Ste- 
vens, Fayetteville, Arkansas. Re- 
modeling design by Architect 
Keith Hinchcliff. 


_ BEFORE 
REMODELING 
L/ViING ROOM {8} DINING ROOM 
43°23 a 1s'-4" 00'-2°x 15°8" 
Ist ‘2nd 
FLOOR FLOOR 


The floor pians show attention to economy-in the re- 
modeling. The main outlines were left intact except. for 
adding a utility room and raising the rear portion of the 
roof. All bearing partitions, stairs and plumbing were 
left in place and bath added on second floor. 


UTILITY ROOM 
WT" x 13°68" 


COCHET 


| sco eoom | 


| 13°3° 2230" 


Another view of kitchen. One coat 
‘of flat white paint and one coat 
of flat white enamel was used to 
finish the plywood. 


Douglas Fir 
Plywood 
Association 
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EDITORIAL 


Opportunities in Farm Safety Week 


77 HILE agricultural engineers should be, and many 

are, safety-minded the year round, National Farm 

Safety Week next month (July 20-26) provides a particu- 
larl; good opportunity to sell safety. 

A lot of help is available from the radio, press, farm 
organizations, dealers, and other agencies. The audience is 
mac receptive by repeated reminders from many directions. 

\: is a time to let people know that agricultural engi- 
neers are interested in farm safety the year round; that a 
Jot of engineering is involved; that peer designed farm 
structures and equipment, correctly used, can increase farm 
safety, satisfaction, and net income. Now is the time to plan 
to niake the most of this opportunity. 

There are a lot of things farmers need to hear or hear 
again, directly or indirectly from agricultural engineers in 
farm power and machinery work, about safety with the 
overage equipment still in service, the new types of equip- 
ment becoming available, the old familiar man-killers such 
as the unguarded power take-off, and the particular types of 
equipment they will be using in July and August. 

Many agricultural engineers in rural electrification work 
are in particularly close and effective contact with farmers, 
and can use this opportunity to encourage safe wiring, 
equipment, and methods in use of electricity, together with 
improved use of lights to minimize other hazards. 

For farm structures men it will be an opportune time to 
emphasize safe design in new construction; maintenance, 
repair, and housekeeping; safe storage practices; and fire 
safety as well as elimination of direct accident hazards. 

Soil and water specialists will have a narrower range of 
safety matters to emphasize, and can concentrate on safety 
aspects of farm ponds, flood protection, gullies and ditches, 
and work methods in operations for soil and water conser- 
vation, drainage, irrigation, land clearing, and similar ac- 
tivities. 

Development and conservation of human values is the 
ultimate objective of agricultural engineering. Farm safety 
work is one of the most direct approaches to the conserva- 
tion of human values. And National Farm Safety Week is 
the most effective time for influencing farmers to practice 
farm safety. It will be to the credit and interest of agri- 
cultural engineers, individually and collectively, to identify 
themselves with and take a more active part than ever be- 
fore, in National Farm Safety Week this year. 


Wanted: A Force Feeder for Corn 


GOOD sound Iowa corn and livestock farmer, and 

research man in the packing industry, recently gave 

us an idea of a type of fertilizer distributor he wants and 
has not been able to locate. 

He has what many farmers might consider some fair to 
middling corn land, but he wants to pump fertilizer into 
it as if he had to grow corn on barren sand. For his money 
the fertilizer attachment on his planter isn’t enough. It 
wont put enough fertilizer where he wants it to force-feed 
the spreading roots of the sprouted seedlings. He wants to 
put in $35 to $40 worth of fertilizer per 100-bu yield- 
Capacity in hybrid seed, and he wants it 5 to 6 in deep and 
6 to 8 in from the plant. 

He says he has done it and that it pays, even with equip- 
ment poorly adapted to the job. He wants equipment that 
Wii combine the operation with his first and second culti- 


vations, put the fertilizer down where he thinks it will do 
the most good and have hoppers big enough to minimize 
delays for refilling. 

Maybe this is one of those individual demands which 
will never support quantity production, or possibly it is a 
straw in the wind. This man is one of those leading farm- 
ers whose novel individual practices at any one time have 
a way of becoming common practice several years later. 

The same principle and equipment would be applicable 
to some extent even in the event of an unfavorable change 
in the price relationship between corn and fertilizer. 

Possibly this requirement could be met by some com- 
paratively simple adaptation of equipment already in quan- 
tity production. If not, possibly results will create the de- 
mand to justify production of a new machine. If some 
manufacturer is already working in this direction, here is 
a likely cooperator for field tests (name on request). 

At any rate we would be interested in hearing from 
engineers on fertilizer placement research, as to how this 
farmer's practice checks with the indications from some of 
their experiments. 


Agricultural Engineering in Comparison 


OME interesting indications as to how agricultural engi- 

neers rank in the whole field of engineering are reflected 
in the “Distribution of Roster Registrants” recently . 
lished by the National Roster of Scientific and Specialized 
Personnel, U. S. Department of Labor. 

In considering these figures, it must be borne in mind 
that the 806 agricultural engineers recorded represent only 
about one-third of the field, as indicated by membership in 
the American Society of Agricultural Engineers. In con- 
trast, the number of engineers reported in some of the 
other engineering fields exceed considerably the member- 
ship of the societies representing those fields. 

This may indicate a low degree of interest on the part 
of agricultural engineers in being included on the Roster. 
Or it may indicate that the membership of the A.S.A.E. 
is more fully a of the personnel in its field 
than are those of some of the other engineering societies. 
Probably both of these conditions are true to some extent. 

The 806 agricultural engineers included are slightly 
less than 0.4 per cent of the 202,554 engineers on the 
Roster as of December 31, 1946. Women registrants were 
a small proportion of the total engineers and none were 
indicated among the agricultural engineers, although some 
might have reported if they so desired. 

In median age, the agricultural engineers, at 38.8 years, 
were slightly lower than the 39.9 years of the whole engi- 
neering group. This reflects the comparative youth of our 
field, and its growth in recent years by graduation of men 
from professional curriculums in agricultural engineering. 
Still, two other new fields of engineering had notably lower 
median ages, between 31 and 32. 

In education the agricultural engineers showed a slight- 
ly lower percentage of doctor's degrees than the total engi- 
neering group, 1 per cent, against 1.18+ per cent. In 
master’s degrees, on the other hand, 16+ per cent of the 
agricultural engineers were represented, against only 7.3 + 
per cent of all engineers. This apparently is a reflection 
of the closer association of the agricultural engineers with 
biological and agricultural scientists, whose progress is more 
often measured in degrees. It also suggests that in a few 
years our representation in doctor's degrees may be consid- 
erably higher than at present. (Continued on page 260) 
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“SURROUNDS” PROBLEMS IN RUBBER 
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ORCO keeps 
abreast of con- 
stant changes in 
the crude rubber 
situation 


ry 2 
ORCO conducts 
continuous study 


of all types of 
synthetic rubbers 


ORCO factory fa- 
cilities are organ- 
ized and equipped 
for large or small 
volume require- 
ments 
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ORCO maintains 


. . the best com- 
engineering staff ing i 
ner pounding ingre- 
specializing on dients for each 
tools and 


equipment 
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ORCO maintains 
specialized engi- 
neering service 
on mold de- 
signing 


ORCO co-oper- 
ates with leading 
technical socie- 
ties in develop- 
ment work 


ORCO utilizes 
latest testing 
methods and 
laboratory 
equipment 


ORCO develops 


type of synthetic 
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The Drifting of Poisonous Dusts Applied by 
Airplanes and Land Rigs 


By F. A. Brooks 


FELLOW A.S.A.E. 


OR many years the necessary practice of dusting tomato 
E vines with calcium arsenate, applying 30 lb per acre for 

control of the tomato worm, has caused trouble in ad- 
joining fields where the drift from airplane dusting often de- 
posits 4 lb per acre, and the total off-tract waste of insecticide 
is generally 50 to 60 per cent. Ordinarily there is a rather 
rapid “weathering off”, but if alfalfa is cut soon after dusting 
the upwind tomato field, 2 lb of poison with 14% tons per acre 
would give a contamination of 650 parts per million, or nearly 
100 times the tolerance of 7 parts per million passed by the 
U.S. Public Health Service. 

Last year in Yolo County, Calif. 75 dairy cows were 
killed and the market for alfalfa hay disrupted because of 
the drifting of arsenic outside tomato fields. Sheep, being less 
susceptible to arsenicals than cows, were not affected seriously. 

Although beekeepers had been complaining for many 
years'* over the annual loss of hundreds of colonies, no offi- 
cial restrictions were imposed until the above spectacular 
losses struck dairymen and hay growers. The local county 
board of supervisors moved to prohibit dusting by airplane, 
but the airplane operators brought in evidence that some of 
the casualties were due to land rigs. A regulatory ordinance? 
was then enacted requiring $5,000 insurance against liability 
for damage caused by any 


This paper was presented at 
the annual meeting of the Ameri- 
can Society of Agricultural Engi- 
neers at St. Louis, Mo., June, 
1946, as a contribution of the 
Power and Machinery Division. 

F. A. Brooks is agricultural 
engineer, University of California 
Agricultural Experiment Station. 
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Epitor’s Note: In 1943 Dr. 
Brooks served the Chemical War- 
fare Service as a consultant in air 
turbulence, and in 1944 was tech- 
nician on air turbulence for the U. 
S. Navy on a smoke project at sea. 
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Fig. 1 Transverse distribution of paris green dusting by airplane 
measured by Kruse, Hess, and Metcalf 


dusting which is not confined to the field being treated. 

Measured Spread of Dust Applied by Airplane. An excel- 
lent study of airplane dusting is reported by Kruse, Hess and 
Metcalf’. Their dusting operations were carried out during 
the calm period at early morning, and the flying height was 
usually 20 to 30 ft. Their extensive investigations included the 
quantitative determination of distribution of paris green dust 
laterally from the line of flight as shown in Fig. 1. Their 
upper curve is of average particle count (ordinate scale to the 
right). Their lower curve is by weight (ordinate scale to the 
left). They report that of the total dust discharged “about 
20 per cent falls in the central 100 ft of the dusting swath”, 
and altogether ‘“‘about 28 per cent falls in a swath 200 ft wide. 
.... Thus over 70 per cent of the dust drifts away from the 
treatment area and for practical purposes may be considered 
lost.” Furthermore, that “this low percentage of recovery is 
believed due in large part to the fact that commercially availa- 
ble paris greens are of too fine a particle size for most effective 
distribution by airplane.” 

Inherent Difficulties in Confining Dusts Applied by Air- 
plane. The airplane is inherently bad because it cannot avoid 
stirring up quiet air. This disturbance is directly proportional 
to the airplane weight and varies somewhat with engine power. 
Thus the optimum for mini- 
mum dust drift would be a 
hybrid sailplane Piper Cub 
whose minimal disturbance 
would be most quickly quieted 
by the typical inversion sta- 
bility of early morning air. 
This, however, is not the 
optimum to get dust penetra- 
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tion into foliage (Fig. 2). 

500 Secondly, the airplane can 

dust only a short time in fa- 

720 +40 760 780 00 ° vorable, quiet air because the 


pilot cannot see well before 
there is strong daylight and 
by then it is only about an 
hour before the beginning of 


Fis. 2 (Left) Photograph by J. E. Eckert showing airplane at proper height but dust failing to penetrate superstable ground-air layer promptly e 
Fis. 3 (Right) Photograph by J. E. Eckert showing good airplane application of DDT to alfalfa near Blythe, Calif. This created a dense blanket 
about 15 ft deep, which in 15 min had moved off the field but seemed virtually intact 
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daytime turbulence. Fig. 3 is a good example of dusting in 
very quiet air. Third, light fogs, often providing favorable 
conditions for dust adherence, prevent airplane flying. Fourth, 
the dust is released considerably above the crop to be treated 
because of flight obstruction hazards such as border trees, 
telephone and power lines, and farmstead buildings. Thus the 
objective, close dusting, is against personal safety. (Fig. 4 in 
the paper by O. C. French, entitled “The Use of the Airplane 
for Pest Control”, published elsewhere in this issue of AGRI- 
CULTURAL ENGINEERING shows good application, except at the 
field end where the pilot had to clear a border power line.) 
Finally, accuracy in location of dust application is extremely 
difficult because of the high speed of the airplane. Usually 
the dust feed is started too soon. There is always some dribble 
after shutoff, and sometimes the feed is not shut off com- 
pletely during the long turning path beyond the end of a run. 
Some pilots “dump” leftover material simply because their 
operating system requires the emptying of hoppers before 
landing. There are, of course, such real advantages in air- 
plane dusting that the practice needs to be modified rather 
than discontinued. 

The helicopter has proved effective in applying dusts to 
apple trees and hop and grape vines when flying 10 to 15 
mph (miles per hour). At this speed (well below the 20 mph 
when translational lift becomes apparent) the dust is driven 
downward powerfully and recurves to a height of about 20 ft 
when the helicopter is at 30 ft. This depth of highly turbu- 
lent air exactly fits the hops strung to 20-ft poles, and a large 
portion of the dust is filtered out by the foliage. Some dis- 
tance back of the machine, however, the upward and outward 
dispersion of fine-particle dust can be seen. At 40 mph dusting 
by helicopter is not considered satisfactory. The translational 
lift makes the dust dispersion about the same as by fixed-wing 
airplane. 

In general, the special advantage of airplane dusting is 
its avoidance of going into the field on the ground. Other 
reasons in favor of airplane dusting are only indirectly re- 
lated to flying. It is quicker for the grower and high pay per 
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Fig.5 Variation of lethal dose with particle size for DDT on mosquitoes 
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Fig. 4 Graph of particle size vs. distance carried while settling 10 !t in 

3 mph straight air flow. Note that drifting several miles is to be ex- 

pected for particles smaller than 10 microns in diameter. Most insecti- 
cide dusts are smaller than this size 


hour to the pilot. Considering respective possibilities for im- 
proving the techniques of dusting, it seems that for low crops 
better application and with less hazard is possible with land 
rigs. However, the upward spreading of fine dusts (even from 
land rigs) is seen vividly from an observation airplane. 


Trend of Development in Land Rig Dusters. The strong- 
est urge in the development of field dusting machines is to 
extend the range of their operations into “unfavorable” at- 
mospheric conditions, namely, to make them usable in light 
daytime winds as well as during early-morning, quiet-air con- 
ditions. This calls for in-the-foliage application and, if possi- 
ble, hoods permitting a traveling, controlled, treatment atmos- 
phere along the same concept as the industrial processing tun- 
nels through which material moves steadily on a conveyor. 
This is difficult to accomplish in the field because of the bulk 
of the hood and the need for making sharp U turns at the end 
of the row, usually just inside a fence. 

In developing such a hooded system the perpetual prob- 
lems of pest control become more specific: (1) Means of 
creating and spreading the aerosol, (2) adherence and spread- 
ing of toxic agent on foliage, (3) avoidance of plant injury, 
(4) protection of the operator, and (5) mechanical design for 
minimum cost with seasonal reliability. 

The suppliers of toxic materials are making considerable 
effort toward the means of creating the lethal atmosphere and 
they offer significant cooperation in the development of new 
techniques for gas, liquid, or dust. The technical problems of 
adherence and coverage seem to be the province of state and 
federal experiment station research. The manufacturers of 
agricultural equipment, of course, are themselves developing 
various dusting and spraying machines. Modifications of ‘:cld 
apparatus naturally originate mostly with the custom opera- 
tors or the large farms having their own shops and specia!:zed 
crews, though again the experiment stations also contribu'e 


Particle Size and Rate of Fall. Underlying all probicms 
of field application of toxic materials is the rate of settlin:: of 
particles “suspended” in air. Smoke particles and fumes «re 
generally so small that they are subject to Brownian mo. on. 
For this class it is more useful to treat their motion rel»! ve 
to air as dispersion of heavy molecules of gas. The us ral 
aerosol particles (large relative to the mean free path len.th 
of air molecules) are nevertheless so small that in sett!.g 
by gravity the air they force aside flows around them i: 2 
viscous manner, for which Stokes’ Law‘ applies. According 'y. 
for small spherical, water droplets in air at 68F the terminal 
falling velocity is 


w = 0.00593 d?,, ft/min [i] 
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Fig. 6 Graph of dynamic catch vs. air speed for stems of ¥g-in diameter 


where diameter, dy, is in microns. The maximum droplet 
diameter in air for which Stokes’ Law is considered to apply 
is from 80 to 100 microns. Thus the Stokes’ Law covers the 
ranges in particle size normally found for fogs, pollens, spores, 
and bacteria. Nonspherical shapes usually are handled by 
corrections to equivalent spherical size for the same falling 
rate. Corrections are also made in case of excessive mass of 
suspended matter relative to its supporting air mass. 

Mist and rain-size drops from 200 to 6000 microns diam- 
eter take an appreciable time to accelerate from rest to termi- 
nal velocities and the terminal velocities are determined largely 
by turbulent-flow resistance. The investigations by Liznar® of 
settling rates of water droplets for this size range have been 
reworked by Nottage and Boelter*. Using their figures and 
Stokes’ Law, Table 1 shows the elapsed times of falling 10 ft 
from rest in quiet air. The table includes also the horizontal 
travel to be expected in a straight, 3-mph air drift, which is 
shown in Fig. 4. It is seen at once that drift control becomes 
virtually impossible for particles smaller than 10 microns 
diameter. The dispersion is greater of course in turbulent air. 

Toxicity vs. Fineness of Aerosol Particles. Lamer? and col- 
leagues carefully created fogs of definite size oil droplets con- 
taining 8 per cent DDT and measured the lethal properties 
for Aedes Aegypti mosquitoes. The unit of toxicity is the 
product of time of exposure (minutes) by aerosol density 
(micrograms per liter) which causes a 50 per cent 
kill. Their observations are plotted in Fig. 5 
which shows an optimum particle size of about 
10 microns diameter. They explain this by Stokes’ 
Law as follows: 

. . » For a given concentration (C) of aerosol, the 
time necessary for a critical amount of toxic material 
to deposit upon a fixed area will therefore vary in-* 
versely as the square of the radius . . . namely, that 
the absolute quantity of toxic material necessary to 
kill a given insect remains constant regardless of parti- 


cle size, but the exposure-concentration product, Ct, 
depends on the rate of fall, and therefore of contact 


DROPLETS 10 AND 20 MICRON: 
BIN 
CYLINDER AT VARIOUS AIR SPEEDS 
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larger particles are now obtained in makeshift 
manner by mixing two per cent oil into the “mi- 
cronized” dust, this quantity being found not to 
impair the action of the dust-feed mechanism. 

In airplane dusting of reservoirs of the Ten- 
nessee Valley Authority for control of Anopheles 
quadrimaculatus mosquito larvae, Metcalf and 
Hess® recommend a particle size for paris green 
larger than the ordinary commercially available 
material — “75 per cent (by weight) shall consist 
of particles 20 microns or greater in diameter.” 
The sample of one supplier showed 78 per cent 
by weight in particles smaller than 10 microns 
diameter. Even 25 microns is a microscopic size 
(0.001 in). 

Catch of Insecticide Dusts by Foliage. A major 
| fraction of the dusting is intercepted by foliage 
a directly in the aerosol stream before dispersal by 
eddy-diffusion starts. This initial interception oc- 
curs by direct filtering and by momentum as the 
free air stream is split by the obstruction and 
flows around on two sides. In the filtering process 
if surface contact results in adherence, the minimum cleared 
depth of approaching half-stream is the radius of a particle. 
There is some superspeed in passing the obstruction so the 
distance from surface to any given streamline at the position 
of maximum superspeed is less than in the approaching stream. 
For the frictionless case the central approach stream is about 
50 per cent thicker than the same stream divided on the cylin- 
der diameter. Hence, one can expect direct filtering of axial 
streams about 1.5 x particle diameters wide. This is a very 
minor catch. For very small particles subject to Brownian 
motion, the effective surface stream depth is equal to the 
length of the mean Brownian path plus particle radius, but 
the catch then depends on the length of time the particle is 
within Brownian distance and the probabilities of the motion. 

Most important for catching the usual-sized insecticide 
dusts is the linear momentum of a particle. This tends to im- 
pinge the particle on the foliage during the angular accelera- 
tion of the air in flowing around such obstruction. The diver- 
gent acceleration varies inversely as the size of the obstruc- 
tion, and inertia is more likely to carry particles through the 
boundary air onto a small twig surface than onto a large 
cylinder. This inertia catch is also highly dependent on parti- 
cle size, the “micronized” particles tending to flow around the 
obstruction without being caught. The catch by this latter 


80 100 


mode of filtering is treated by the Langmuir group®. The fol- 


with the insect, in accordance with Stokes’ Law. . . . 
the decreased toxicity as a result of finer subdivision 
below 5 microns (radius) arises from the fact that 
5-micron particles fall (16 cm/min) more rapidly and 
hence deposit faster upon the insect than do finer 


particles.” 

For surface applications of DDT very much 
‘ger droplets are desired, because it is only 
<cessary that there be deposits somewhere in the — 
‘‘h of an insect, and the larger the deposit the 

‘er it remains lethal. In dry dusting these 
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Fig. 7 Graph of dynamic catch vs. particle size for stems of Y-in diameter 
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lowing examples are evaluated by using the curves they ob- 
tained by an automatic differential analyzer. 

For a twig having a diameter of 1 in (0.01 ft) in a steady 
wind, the air ribbon ¥g in thick approaching the twig will di- 
vide and flow around. All the particles in the center of the 
air ribbon would impinge on the twig, but only large particles 
on the edges of the air ribbon would have enough momentum 
to travel through the air curving around the twig. There is 
thus some central thickness of the air ribbon outside which a 
given size particle will be carried around the twig instead of 
impinging on it. The ratio of this central cleaned width to the 
full %-in approaching ribbon is then the “efficiency E,,,”, speci- 
cified in per cent. This catch varies with free stream velocity 
as shown in Fig. 6 and also with particle size as shown in 
Fig. 7. The disadvantage of fine-sized particles is very evi- 
dent. The catch also varies inversely with the diameter of 
the obstructing cylinder. Thus a mat of fine glass fibers is 
ideal for filtering out fine particles. 

A catch efficiency of 100 per cent means, however, that air 
sweeping through foliage would be stripped of all particles 
only in a cross-sectional area equal to that presented by the 
foliage. Many particles will thus pass through the foliage un- 
caught if they are in an air stream not directly approaching 
an obstruction of the size considered. 

Need for Reconsideration of the Demand for Very Fine- 
Sized Particles. In view of the three-fold disadvantages of 
very fine dusts — poor catch, low lethal power, and long-dis- 
tance drifting — it seems advisable to investigate the basis of 
the common axiom: “The finer the particle, the better the 
control.’ This might arise from an uncalled-for transfer of 
laboratory findings to very different field conditions. The 
literature on toxicity of insecticides is voluminous, but with 
few direct studies on particle size. It was found desirable to 
use fine particles for the “sandwich” method '° to get uniform 
deposition of dust (by settling in a bell jar), but this require- 
ment is not necessary for field pest control. This technique 
designed to determine lethal dosage reports 0.000004 mg as 
sufficient for small worms. A 19-micron diameter water drop- 
let has this weight. There is no mention in this citation of an 
advantage of very fine particles though they were used in 
the test. 


EDDY-DIFFUSION OF FINE PARTICLES IN THE ATMOSPHERE 

Extensive investigations of the travel of suspended parti- 
cles in air have been carried out by Bosanquet™. This is a 
close approach to the problem of deposition of drifted insecti- 
cides, but the analytical treatment overindicates the spread 
near the source. Distant from the source the rela- 


are used for dispersion rates and the 1935 paper 7 
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transverse distribution of concentration, X, namely?, 
X = X,, [1- (r/R) 3/2} 2, {2} 


where X,, is the concentration on the plume axis, r is the 
radial distance from the plume axis, and R is the mean radial 
distance to cloud edge. The latter is directly proportional to 
the standard deviation of the distribution. Secondly, the rela- 
tion between transverse distribution and gustiness is kept di- 
rect, using the standard deviation to express both phenomena. 
The third major difference from the usual procedure is the 
inclusion of progressive particle removal from the dust cloud 
both by settling and by dynamic catch. Fourthly, it is shown 
that direct account can be taken of the forced dispersion due 
to the disturbance created by the dusting machine itself. As 
a fifth difference the author assumes for convenience that 


tive fit is good but the mean daytime magnitudes h > Se oe ee eee ee | 
sil 


does not indicate how to make the necessary 
changes to suit stratified air turbulence typical for 
early morning dusting. The dispersion coefficients 
described in his 1936 paper also do not seem to 
permit independent modification to suit stable air. 
Bosanquet’s analytical treatment of eddy-diffusion 
employs the usual exponential solution of the mo- 
lecular diffusion equation which does not take into 
account the finite limitations on advection by at- 
mospheric turbulence. Other authors such as Sut- 
ton!2 have the same trouble with eddy-diffusion 
because there is as yet no adequate mathematical 
solution of turbulence problems. 


The more real analytical treatment of eddy- 
diffusion preferred by the author for the dust drift 
problem is too complex to present here, but the 
departures from usual forms can be briefly ex- 
plained as follows: First, an empirical, finite, 
mathematical expression is used to specify mean 
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Fig. 8 Plots of concentration over surface downwind from source for very stable 2: 


(top) and for small-scale convection (bottom) 
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there is no vertical gradient in diffusivity or in wind velocity 
in the given layer. 

Characteristic Degrees of Atmospheric Turbulence Near 
the Ground. Attention is directed to the suppression of gusti- 
ness to be expected within a layer of stable air and the natural 
sequence in the morning breakdown of nocturnal stability. 
Church and Gosline™* describe the typical morning transition 
from stable air to convective air under the stable layer. This 
report taken as an upward supplement to the surface observa- 
tion: of the Latimer group (see Appendix) indicates four dis- 
tinc’ degrees of atmospheric turbulence: superbuoyancy sta- 
bility, normal “‘stable” air, small-scale convective turbulence, 
and pillared convection (generating cumulus clouds). Each 
type seems to differ from the others more than can be properly 
treaicd by expressing diffusivity as a function of height. Dif- 
fusion in each of the first three types of turbulence can, how- 
ever. be treated by the same diffusion formula, using only the 
appropriate magnitudes for gustiness. 

‘he vertical and horizontal gustiness coefficients calculated 
from the Latimer group observations are G, = 0.02, 0.04, and 
0.10; G, = 0.03, 0.054, and 0.16, respectively, for very stable, 
moderately stable, and small-scale convective conditions. 


Typical Patterns of Concentration and Deposit Rate under 
a Dust Cloud. It is not feasible here to develop the analytical 
expressions for eddy-dispersion, but it is anticipated that these 
can be published elsewhere. It seems appropriate, however, to 
show typical distribution for an extreme stability in a strong 
morning inversion and for noontime small convective condi- 
tions. The two distributions shown in Fig. 8 are calculated for 
a simple fixed source with dispersion only by natural air tur- 
bulence. These surface concentrations also represent the rate 
of particle deposition because deposit rate is the direct pro- 
duction of settling velocity times the surface concentration. 


The essential difference in dust deposit from a moving 
source is that the drift concentration over a given spot de- 
creases as the dust source moves away. For this reason it is 
most convenient to treat diffusion from moving sources in 
terms of age since emission. In other words, the dust cloud 
spreads naturally at a certain rate for given turbulence condi- 
tions. Fig. 8 includes the age scale for the basic wind velocity 
of 3 mph, and it is seen that for the very stable conditions the 
1/10 concentration moves outward 17.5fpm. Thus for a 
source moving in the direction of the wind with a relative 
velocity of only 1 mph, the diffusion cone would be telescoped 


+ * ™ 
Ovstance FRow MacHiNnt Axis - feet 


) Distribution of dust deposit transverse to plume axis at downwind fence of a 
Y%4-mile row. This can be compared roughtly with Fig. 1 to see the 
advantage of in-the-foliage application 


Fig. ‘ 
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to triple concentrations but which still spread laterally at the 
rate for fixed source. This produces a dense cloud travelling 
with the machine, much to the distress of the operator. Going 
against the wind the diffusion cone is laid as a narrower plume 
of correspondingly less concentration. The dust plumes from 
airplanes are laid so fast they seem almost like line sources of 
short discharge time. 

The deposit over a whole field from a moving dust source 
depends also on its forced turbulence, its travel back and 
forth, and the carry of the wind. Such a combined effect can 
be estimated by superposition of the dust deposit patterns 
along each row travelled. 


Pattern of Dust Deposit at Downwind Fence. The esti- 
mate of dust drifting beyond the downwind fence is related 
to the total deposit at the fence line which has been calcu- 
lated for a simple case and is shown in Fig. 9. Again the 
particle size assumed is 10-micron diameter and the air drift 
3 mph in the line of travel of the dusting machine. The rate 
of dynamic catch is assumed arbitrarily to be the same as the 
gravity settling rate. An increase in dynamic catch rate by 
forced turbulence in the foliage would sharpen the peak of 


Fig. 9. This can be contrasted roughly with the airplane dis- 
tribution of Fig. 1. 


Field Observations Needed for Empirical Determination of 
Dust Diffusion System. A large number of well-located spot 
measurements of dust deposit can be used to determine the 
field distribution of any dusting operation, but to get an under- 
standing of the diffusion system it is better to support a few 
dust-deposit observations with some other kinds of observa- 
tions, notably of gustiness, mean particle size, aerosol concen- 
trations, and photographs of dust plume. 


The plot description should include: 


Name of farm operator 
Name of dusting contractor 
Name of farm owner 
Location of farm 
Location and dimensions of test plot 
Description of surrounding terrain (in respect to turbulence) 
Crop dusted 
Height of foliage, 4, and its apparent density. 
The description of conditions should include: 
Date and time of sunrise 
Starting and ending times (of operation) 
Kind of dust applied 
Rate of discharge 
Speed of machine and its direction 
Length of run and spacing between lines 
Machine-width of dust source and its height above ground 
Dust-particle mean size (settling rate) 
Air-drift velocity and its direction 
Gustiness coefficients 
Dry and wet-bulb temperatures 
Description of air stability (temperature inversion; 
sky clearness) 


Dust samples: 


Four of aerosol concentrations, three of which at 
downwind fence; one on dust axis, one at near 
side-fence corner, and one at same distance on 
other side of first-run axis. Also one far down- 
wind on dust axis (144 or 4 mile). 

Five of dust deposit, Q,, at the four above loca- 
tions, and one more at downwind fence at oppo- 
site-side corner. 


Photographs: 
From overhead, if possible. 
From side showing (a) start of run, (b) near end 
of run (level flight), and (c) end zoom. These 


will show first contact distance and vertical dif- 
fusion. 


From end of run looking downwind when coinci- 
dent (vertically) with source. This is to show 
angle of horizontal spread in lieu of photograph 
from directly overhead. ; 

Entomological observations as needed by col- 
laborators. 
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CONCLUSIONS 
The present conclusions from this study are as follows: 
1 The use of very fine particles is a mistake. 


2 Outside field contamination by airplane dusting cannot 


be prevented, unless large-size particles are used and sharp 
cutoffs developed. 


3 Dusting machines would be most efficient if designed to 
get high dynamic catch within the foliage with minimum up- 
ward dispersion. 


4 Outside contamination concentration might be decreased 
by creating artificial air turbulence at the downwind edges of 
the treated field. 
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APPENDIX 


GUSTINESS COEFFICIENCIES DERIVED FROM OBSERVATIONS © 
LATIMER AND ASSOCIATES 


Evaluation of Gustiness for Various Air Conditions. Gustiness 
can be evaluated directly from hot-wire anemometer records accord. 
ing to the definition 


Gz = V w*/Ut = O8/x {3] 
Observations suitable for this interpretation are, however, r ther 


rare. Alternatively, | there are considerable gustiness data obt..ined 
with bivane meters which can be interpreted according to fo: mula 
{3}. It is best, of course, that turbulence observations be maiched 
by an observed diffusion rate such as attenuation downwind indi- 
cated for continuous line source by the equation 


be q/Ly 


scomapeesnterestreiane [4 
1.281 UxXm } 


where q/Ly is the source rate; Xm, the axial concentration; ! . the 
wind velocity, and x, the distance from the equivalent line source. 


Specific information for this with stable air under strong inver- 
sion conditions near Davis, Calif., was gathered by Ruben, Pitzer” 
and colleagues in a study for the Chemical Warfare Service and is 
or in Table 2. The pertinent part of their report is as fol- 
ows: 

“The experimental field was a grazing field in the Yolo Bypass. The 
field was very flat and had a slope of not more than 6 ft per mile. 
There were no trees or other obstructions within several miles of the 
experimental plot. The nearest hills of any size were about 30 miles 
away. The ground cover was grass about two feet long, which was bent 
over forming a fairly smooth surface. This region, except on very rare 
occasions, was free from katabatic winds. 

“Butane was emitted (as a liquid) from a 14-in pipe line 50 yd 
long, with orifices (No. 70 drill, about every yard) directed slightly up- 
ward making a vapor cloud about 24 in high in 36 in distance. Wind 
velocities and profiles were measured with four sensitive three-cup ane- 
mometers placed at 14, 1, 2, and 4 meters (above ground). Tempera- 
ture gradients were measured between 0.1 and 1.0 meters, 1 and 2 
meters, 2 and 314 meters, and 314 and 6 meters, and they were re- 
corded continuously on two Leeds and Northrup micromax recorders. 


“Gustiness was measured by the British type bidirectional vane and 
the electrically recording vane. In the later part of the work the gusti- 
ness vanes were mounted upon a rotating mast so as to keep them ap- 
proximately in line with the average wind direction. 


“It should be pointed out that since our thermometers are aspirated 
at a fairly high rate, there is an uncertainty as to what level the air 
which is drawn into the thermometer comes from. This is not serious 
at 1, 2, 314, and 6 meters. . . . But at 10cm the temperature gradient 
is often very steep and not very constant, and our measurements at 
10cm represent an average over a small region. 


‘i Never in this work has a high inversion been “ rved 
with the wind velocity at 2 meters greater than 4 mph . 1 this 
field we had green grass which was bent over to form a thick mat gee 
the earth. In addition to being a good radiator, the grass had 1 low 
heat capacity and low heat conductivity. .... The soil in this region 
is comparatively light (and dry). . . . The afternoon temperitures 
during June and July are high, generally 100 to 105F in the shade.” 
(AuTHOR’s Note: Once in July a diurnal range of 98 to 28! was 
recorded by this party. This confirms the report by J. S. Winters 0! one 
light frost in the Yolo Bypass each summer, on subirrigated bean 
vines.) . . . “Several times a week in July around 2 to 3 a. m. the 
wind would drop, the temperature gradient would build up anc there 


would be a moderately high inversion (314 F, between 0.1 and | 9m) 
which would last a few hours.” 
Excerpt from July 14, 1943, Report. “Common diffusion th ories 


assume that the velocity gradient is negligible in the diffusion pi cess. 
This is, of course, quite untenable for the extreme conditions re, )rted 
here... . 

“If one assumes the velocity profile, Uz—=Uoz", where z « the 
height, and assumes that the diffusion of momentum and matter © ‘low 
the same laws, then the diffusion coefficient must take the orm 
D= Do z'-2, 

“Since our source actually produced a somewhat diffuse clov.. the 
constant xo is introduced. This represents the distance in yards ‘rom 
an ideal line source needed to give the actual diffuseness present ©: our 


source. Since rate of diffusion is less (for strong inversions) . . . ne 
should adjust Do and xo to best agree with the data. It appeare: ‘rat 
the simple assumption, xo = 100 (U,;-—U1)/U, was reasonably «00d. 


“Our measurements of the 4 to 1 meter velocity ratio seem [0 
correlate with gas diffusion and temperature gradient better than ‘he 
2 to 1 meter data”. (AuTHOR’s Note: Diffusion in forested arc. 1s 
reported by the same research group under the date September ‘4, 


1943.) (Continued on page 2++) 
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AGRICULTURAL ENGINEERING for June 1947 


Use of the Airplane for Pest Control 
By O. C. French 


MEMBER A.S.A.E. 


cides dates back to the period following World War I. 

According to an article by Popham in “Agricultural 
Chemicals” for June, 1946, the first plane to apply dust was 
a World War I training plane (Curtiss H model) used in 
1921 to apply lead arsenate to catalpa trees near Dayton, 
Ohio. In 1922 the U.S. Bureau of Entomology initiated tests 
of airplane dusting for cotton boll weevil control, and in 1924 
at least one company carried on dusting operations on a com- 
mercial basis. 

During the 1920's use of aircraft for dispensing insecti- 
cidal dusts developed steadily. Most of the improvements in 
aircraft design to suit this new use have been made by indi- 
viduals, since the number of planes demanded has been so 
limited that aircraft manufacturers have devoted little engi- 
neering design effort to assist in this development. ; 

By 1939 there was an estimated 200 planes in the United 
States equipped for crop dusting. Now there are over 75 
agricultural aircraft companies in California alone. Prior to 
1940 most aircraft dusting was in the cotton and vegetable 
growing areas of the Pacific Coast, South, Southwest and At- 
lantic Seaboards. In 1939 California reported 223,000 acres 
of crop and range lands treated by planes. Involved were 25 
different crops, about 20 different pests, and 15 different in- 
secticides and fungicides. 

From the beginning, we have witnessed a slowly increasing 
use of the plane for dispensing liquids as well as dusts. I 
recall seeing airplanes applying concentrated liquid insecticide 
experimentally in California 15 years ago. The spectacular 
results obtained by crop-dusting planes in the beginning were 
not accepted without some criticisms and alarm. The drift of 
dust from a field receiving treatment to other kinds of crops in 
adjacent fields caused trouble in the beginning and has con- 
tinued to do so. It was also recognized then as now that 
large-scale destruction of insects certainly destroys many bene- 
ficial ones, as well as destructive pests. 

Even with the lack of aircraft design assistance and in most 
cases with very limited financial resources, the aircraft oper- 
ators have come a long way during the past 25 years. They 


U: OF the airplane as a machine for applying insecti- 


This paper was presented at a meeting of the Pacific Coast Section 
of the American Society of Agricultural Engineers, at Davis, Calif., 
February, 1947. 


O. C. French is assistant agricultural engineer, California Agri- 
cultural Experiment Station. 


deserve our commendation for their pioneering efforts. 

Dusting. One of the earliest publications which is avail- 
able on airplane dusting is USDA Bulletin 1204 publishe.! in 
1924. It describes some of the early devices adapted to W orld 
War I planes for dispensing dry dust on cotton plantations. 
The first test flights were made with limited quantities of 
poison dust carried in bags in the plane and either dumped 
over the side by hand or emptied out through an openiny in 
the bottom of the fuselage. Obviously after a few flights it 
was found advisable to construct hoppers to carry the dust 
and distribute it into the air at a controlled rate. 

Hoppers. The first hopper was built to clamp onto the out- 
side of the fuselage and had a hand crank to operate the 
agitator and feeding device. The next step was to build in a 
hopper in the observer's seat of a two-place ship. Sufficient 
room had to be reserved to permit a man to stand up in the 
rear cockpit in order to turn the crank-operated dust feeder. 
The outlet from this hopper was merely a circular pipe ex- 
tending through the bottom of the fuselage. 

The next hopper development was known as the air-suc- 
tion hopper. This design eliminated all mechanical motions 
except for opening or closing the feed gate. The hopper shape 
was not changed much but the feeding device consisted of an 
air tube extending down through the center of the hopper. 
Air flowing through this tube caused a suction which drew 
dust into it near the bottom of the hopper. No provision was 
made for distribution of the dust when it was discharged 
through the fuselage into the air stream, other than depend- 
ing on the propeller slipstream turbulence to do this job. 

The planes used for this early work were commonly called 
Curtiss H, or more properly Curtiss JN6H. They would only 
carry about 350 lb in addition to the pilot. The planes used 
the Hispano 150-hp, 8-cylinder, V-type engine. 

Spreaders. The next improvement on dust hoppers and 
metering devices was the introduction of the venturi spreader 
located directly below the hopper and outside of the fuselage 
(Figs. 1 and 2). A reel-type agitator driven by means of a 
small propeller blade was soon added. This system is essen- 
tially that which is used by practically all aircraft dusters 
today. Of course there has been much to learn regarding 
shapes and sizes and position of venturies, agitators, etc. A 
problem which these early operators were faced with was sat- 
isfactory shutoff gates. For applying a free-flowing dust such 


as sulfur, it is exceedingly difficult to design a gate-closure 
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Fig. 1 (Left) “Venturi” spreader for dusts and seeding. The spreader is mounted so that the exit is pointed slightly downward when the pine 
is in level flight e Fig. 2 (Right) View of the exit end of a “venturi” spreader on an airplane. Actually this spreader is not_a venturi; dust 


is fed into the throat of this spreader by means of venturies. These venturies are partially visible in Fig. 1 
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Fic. 3 (Left) View of an airplane applying calcium arsenate dust on tomatoes. Good air conditions prevailed, but note the amount of dust still 
suspended after several swaths have been laid down by the plane e Fig. 4 (Right) This is the same plane as shown in Fig. 3, having to clear a 
border of olive trees. The dust being discharged at the increasing elevation is vulnerable to air movement which may carry it to adjoining fields 


device which will prevent the dust from sifting through, and 
yet be free enough to permit easy opening. This problem has 
been solved by means of felt seals around the sliding gate 
edges. The dust which one sees coming from a plane while 
making turns at the ends of fields is that which has built up 
on the metal venturi surfaces while the gate is open. Other 
important improvements on aircraft dusting devices include 
the increased carrying capacity (now commonly about 800 to 
1000 lb), better agitator drives and bearings, and location of 
engine exhaust pipe outlets to minimize the danger of carbon 
sparks igniting flammable dusts. 

Advantages and Limitations of Airplane Dusting. The ad- 
vantages of aircraft dusting are numerous. The outstanding 
factor is obviously speed of application, since timeliness is 
usually important. Secondly, many crops should be treated 
when ground equipment cannot be transported over the soil, 
either because of the nature of the crop or because of wet soil 
conditions. Thirdly, the air turbulence created by the pro- 
peller can effectively force dusts into dense plant foliage, with- 
out mechanical damage to the foliage. 

Dusting by aircraft does have some serious limitations. 
The air turbulence created by the airplane also works to its 
disadvantage, because much of the dust is of such small 
particle size that it floats easily in the high-velocity air move- 


ment created by the moving plane. Once these small dust 
particles are carried upward from the ground by air currents, 
their time for settling out is very long (Fig. 3), hence drifting 
becomes a major problem. It is questionable whether sufficient 
evidence is at hand relative to the relation of dust particle 
size to toxicity, to demand that our present dusts should be 
made up of such small particles. From aerodynamic prin- 
ciples the small particles are much less likely to be inter- 
cepted by plant foliage than are heavier particles. (See pre- 
ceding paper in this issue, entitled “The Drifting of Poisonous 
Dusts Applied by Airplanes and Land Rigs” by F. A. Brooks. ) 

Further difficulties with plane application arise from trees 
and power lines which so frequently bound the edges of fields 
to be treated (Fig. 4). Timing the application is particularly 
difficult because of natural air currents and wind conditions. 
The latter would not be so critical if other than very light 
dusts could be used. 

The helicopter may eventually solve the problem of haz- 
ards surrounding the fields to be treated, but their forced 
eddies are about 20 ft deep when dusting hops, and they are 
not yet considerad satisfactory for dusting low-growing crops. 

Spraying. The practice of applying liquid sprays by air- 
plane is not new. Limited use of the plane for applying con- 
centrated liquid insecticides and fungicides has been going on 
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- 5 (Left) A rotating brush-type dispersing device. For field spraying usually two units are mounted under each wing e@ Fig. 6 (Right) 


A sotating-type, liquid-dispersing device. Liquid is forced out from hub through prop blade to the little venturi tubes on each of the three blades. 
A screen is built into each venturi through which liquid passes and is atomized 
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for the past 15 years as previously mentioned. The applica- 
tion of DDT in liquid forms during the recent war has stimu- 
lated much interest in the use of aircraft for agricultural spray- 
ing. Unfortunately most agricultural pests require heavier 
dosages of material for their control than do mosquitoes. Fur- 
thermore, most agricultural treatment requires small individual 
fields to be treated, whereas in many cases mosquito-control 
treatments are applied over large areas with DDT dosages of 
only 1 to 2 qt per acre. 

Spraying Devices. The types of planes being used for 
liquid application are in general the same as for applying 
dusts. There are several devices being used to atomize and 
distribute liquid sprays: (1) Rotating brushes (Fig. 5), (2) 
rotating spinners (Fig. 6), (3) booms and nozzles (Figs. 7 
and 8). The first two devices are driven by small auxiliary 
propellers or fan blades at speeds varying from 2,000 to 3,000 
rpm. Liquid is pumped into the hubs or centers of both the 
rotating brushes and/or spinners, and when the liquid is thrown 
from the periphery of these units, it is broken up and dispersed 
mainly by the propeller slip stream. The boom and nozzles 


- are much like those used on ground sprayers except that shut- 


off valves must be located close to each nozzle in order that 
the spray start quickly and shut off sharply. Some form of 
pressure pump to force the liquid from multiple nozzles is 
necessary in order to provide uniform rates of flow and also 
make possible more adjustability in liquid particle size range. 
The pump pressure required may vary with the type of noz- 
zles used and’ with the viscosity of liquid being dispensed. 
Pressures now being used vary from 20 to 100 psi. The degree 
of atomization may also be changed greatly by the location of 
the nozzles on the boom. For example, with nozzles discharg- 
ing downward and at 90 deg to the air flow, the liquid is 
broken up much finer than when the nozzles are directed to 
discharge backward with the air flow. 

In most cases single-stage centrifugal pumps are being 
used. Aluminum alloy pumps are being mounted inside of 
the engine cowling and are driven from a power take-off shaft 
from the engine by means of multiple V-belts. The piping 
system is arranged so that with a single control the pilot can 
operate a two-way valve. This valve permits discharge of the 
pump to be directed either into the boom or into a by-pass line 
leading to the liquid storage tank. This by-passed liquid also 
serves for agitating the material in the storage tank. A clutch 
is provided on the power take-off drive so that the full engine 
power can be utilized for the plane’s take-off. 

The arrangement and types of nozzles being used for the 
boom-type sprayers are varied. Some operators use whirl-jet 
cone-spray nozzles attached to the boom through a cutoff 
valve. Others use flat fan type nozzles. Some builders attach 
a cluster of 3 to 5 nozzles per cutoff valve, while others use 
only one nozzle per valve. Spring loaded cutoff valves as well 
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as ordinary cock-type valves are being used. In most cases tlie 
booms are being constructed of streamlined strut tubing. 

Drop Size. Some materials, such as selective weed sprays, 
seem to be more effective when applied as coarse sprays. This 
is fortunate because the drift problem is much less critical 
with the larger droplet sizes in the range of 500 to 500 mi- 
crons. Insecticides, in general, give a more uniform and eficc- 
tive deposit when atomized to smaller droplet size, probaly 
in the range of 50 to 300 microns. I do not believe anyone 
has yet determined the correct atomization specifications |r 
aircraft operators to meet. Experimental work is now in prog- 
ress to determine this information. This is a task which vy ill 
require much cooperation in order to establish good standari's. 

Liquid spraying by planes has a distinct advantage over 
dust in that much of the problem of drifting is avoided. This 
is not to say that liquid sprays won't drift. Finely atomized 
spray will drift (see Fig. 4 of the paper by F. A. Brooks, else- 
where in this issue), if the plane is too high, and if the spray 
cannot be cut off quickly when the boundary of the field is 
approached. For aircraft spraying it is almost imperative that 
concentrated liquids be used in order to get an economical pay 
load. This is not new to us here in California where we have 
seen the origin and much development of concentrated sprays. 

Since spray droplets are generally larger and many times 
heavier than dust particles, spraying can take place while air- 
current velocities are higher than permissible for dusting. Even 
though the width of spray swath is less than with dust, the 
actual acreage treated may be more during a given weather 
period. 

There are several factors affecting the efficiency of liquid 
spraying by planes, some of which we are unable to control. 
These are wind velocity and direction of air stability. Any- 
thing other than stable air is adverse to deposition of small 
droplets. Aerial spraying is carried out relatively close to the 
ground and there are only short periods during the day when 
stable air conditions exist (in this portion of the atmosphere ). 
On the other hand, a predominance of large droplets which 
have sufficient mass to overcome eddy air currents tends to 
reduce the efficiency of application of spray solution. It is 
necessary to compromise on the degree of atomization... 

The spray swath width is influenced by the design and 
power of the plane, by the location of the dispersing device 
with relation to the slip stream, and by the height of the 
plane above the ground. 

To study these factors under field operating conditions is 
considerably more difficult than with ground machinery. One 
has to work on much larger plot areas and hence the labor in 
checking results is great. Furthermore an air-to-ground radio 
communication system is a necessary piece of equipment to 
adequately direct aircraft spraying and dusting experiments. 


(Continued on page 2/4) 


Fig. 7 (Left) A boom-type airplane sprayer. Spring-loaded valves at base of each nozzle are operated by a single cable control. The pump + 
mounted on the landing gear and driven by an auxiliary propeller. Present practice is to mount.the pump inside the engine cowling and *) 
drive a power take-off from the engine e Fig. 8 (Right) Close-up view of the nozzle arrangement of boom in Fig. 5. Nozzies are attached to 
top side of boom and discharge to the rear. This location of nozzles is used to apply 2,4-D spray where large size spray droplets are desired 
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Dry Matter Loss in Haymaking Due to Bacterial Action 
By Harry Miller 


MEMBER A.S.A.E. 


essing operations. Haymaking can properly be classified 

as a processing operation of very great economic im- 
portance. It is a means of bringing feed to animals that can- 
not be turned out to graze, and to provide feed for all grass- 
consuming animals between growing seasons. Naturally we 
went to conserve all the elements of nutrition in the finished 
product as nearly as possible at the same level as they were in 
the living plant before it was cut loose from the ground. The 
decomposition of organic matter due to microorganisms after 
life has ceased to exist, whether of plant or animal origin, is 
weil known. This decomposition continues more or less rap- 
idly depending on conditions, until reduction is complete or 
until it is terminated by conditions under which microorgan- 
isms cannot carry on their life processes. As to what these con- 
ditions are, we need look only at the four well-known methods 
of preserving food which are (1) refrigeration, (2) chemical 
treatment, (3) canning, and (4) dehydration. The first of 
these is merely a matter of producing sufficiently low temper- 
atures so that microorganisms can neither reproduce nor carry 
on decomposition. 

Preservation by chemical treatment can either be induced 
or created by addition of preservatives. The ensiling process 
is an example of induced chemical preserving. The product is 
first of all placed into the silo. Decomposition of the more 
easily fermentable carbohydrates sets in immediately and car- 
bon dioxide is produced. This displaces the air in the already 
compacted material and microorganisms that require free air 
for their life processes are immediately inactivated. Lactic 
acid is also produced which has good germicidal properties, 
and finally a concentration is reached so as to inactivate all 
microorganisms including those producing it. Preservation by 
the addition of preserving agents usually consists of adding 
sugar or salt at such concentrations that the water within the 
microorganisms diffuses through the cell membrane to the ex- 
terior. The organism is thus desiccated, and while it may re- 
main alive it lies dormant. Jellies, jams, and many confections 
are thus preserved. 

Preservation by canning is essentially a process of steriliza- 
tion by heat treatment. Enzymes that break down complex or- 
ganic materials and microorganisms are destroyed. The ma- 
terial is stored in sterile containers and will thus keep almost 
indefinitely. 

Everyone recognizes preservation by dehydration. How- 
ever, dehydration in the final analysis is very similar to pres- 
ervation by addition of preserving agents. Plant juices are 
merely soluble materials, mainly sugars and salts in a water 
solution. We can: stop bacterial action by a sufficiently high 
concentration of either sugars or salts. We can do this by 
adding soluble material or by removing sufficient water to 
build up the concentration to the necessary point by a process 
we call dehydration. 

_ Authorities on the subject of soil microbiology agree that 
it is one of the most complex subjects; also that practically 
every known organism occurs in the soil. It is only natural 
that plant materials coming from the field will be covered 
with many organisms of every type and that all are ready to 
do their part in destroying these materials as long as condi- 


(C essing operations of values is an objective in all proc- 
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tions exist under which they can work. There are the molds 
that can break down coarse materials to simpler compounds 
which other organisms can use to complete the destruction to 
carbon dioxide and water. An example of mold activity is the 
breaking down of starch to glucose in accord with the follow- 
ing equation: 
(C,H,,O,)X + XH,O mold 

———_—_—) 
enzymes 


X C,H, 0, 


starch water glucose 


The glucose formed in this reaction may be partly decomposed 
by the mold and partly by other organisms usually through 
several stages in accord with the following equation: 


C,H,,0O, + 60, microorganisms 6CO, + 6H,O 


glucose carbon dioxide water 


It will be seen that the first reaction requires water and the 
second produces water considerably in excess of that required 
by the first reaction. The relationship is symbiotic. The above 
types of decomposition set in promptly. There is also a paral- 
lel reaction affecting the proteins in accord with the following 
generalized equation: 


Proteins + water 


microorganisms amino acids 


+ 


Bacteria in the process of reproduction require amino acids 
for their own bodies and draw on the products of the above 
reaction. Consequently there is a transformation from grass 
protein to a bacteria protein. 

There is a serious question regarding the digestibility of 
these latter proteins. Consequently it is to be expected that 
there will be a decrease in the nutritional value of the protein 
although the level may not be affected according to the stand- 
ard analytical procedure. In advanced stages of bacterial de- 
struction amino acids are completely decomposed into volatile 
products like ammonia, amines, carbon dioxide, and water. 

In observing alfalfa dehydration operations in Nebraska, 
the hay had developed considerable heat during the time re- 
quired in coming a few miles by truck from the fields to the 
dehydrating plant, indicating microbiological oxidation and 
consequent destruction of dry matter. All considerations relat- 
ing to this problem point to a race between microbiological 
destruction of dry matter and the preserving operation regard- 
less of the form of preservation. The longer preservative con- 
ditions are delayed, the greater the destruction of dry matter 
is likely to be. 

In this connection the data presented in the Vermont Agri- 
cultural Experiment Station Bulletin No. 494 is of interest. 
Dry matter losses due to microbiological decomposition were 
determined in various types of hay. The data includes sun- 
cured, ensiled, and artificially dried hay. The dry matter dis- 
appearance in trial silos without preservation was 23 per cent. 
In the case of sun-cured hays from standing grass to fully 
cured hay out of the mow it varied from 9 to 36 per cent. 
In case of artificially dried hays the losses ran from 3 to 7 
per cent. 

In the hay processing research work of the chemurgy de- 
partment of the University of Nebraska, the main objective is 
to get a variety of salable materials, including industrial as 
well as food and feed products. We have the problem of de- 
struction by bacterial action as much as in regular haymaking 
operations. We are working on a process of pressing green 
alfalfa in a continuous screw press. Two fractions are thus 
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obtained, a liquid and a solid fraction. In the case of alfalfa, 
40 per cent of the dry matter is expelled with the juice. The 
concentration of solids in the juice has been found to be from 
25 to 30 per cent, and about equally divided between sus- 
pended and soluble solids. It is probable that this expeller 
juice carries in solution nearly the amount of solids as the 
juice contains as it occurs in the plant. These dissolved solids 
do not represent all the decomposable matter. Through the 
action of organisms, like molds, insoluble matter like starch 
is rendered soluble with a subsequent complete decomposition 
by other organisms. 


The available data and observations indicate that in order 
to conserve a maximum of dry matter it is necessary to begin 
and achieve preservative conditions as soon as possible after 
the plant is cut from the ground. 


aos Drifting of Poisonous Dusts 
k (Continued from page 239) 


From the data of the Latimer group, Table 2, the observa- 
tions selected as representative of strong stability in the early 
morning are Nos. 5, 6, 7, 8, and 10. These indicate an average 
G:z=0.02 calculated by formula [4]. Test No. 9 is excluded 
as an extreme case for which the observed vertical gustiness was 
less than 1/15 the average of the other five runs. For moderate 
stability the early evening run Nos. 15, 16, 17, 22, 23, and 24 
together indicate Gz = 0.04 approximately. For the daytime un- 
stable condition of small-scale convection, run Nos. 11, 14, 18, 
19, 20, and 21 indicate Gz = 0.10 approximately. No direct ob- 
servations were made by the Latimer group of diffusion hori- 
zontally, transverse to the wind. The estimate of lateral gustiness 
Gy must, therefore, be based on their observed bivane ratio, 
oh: ; Gyv/Gz». For the three selected groups of observations the ob- 
os. served bivane ratios are 1.60, 1.36, and 1.56, respectively. Apply- 
is ing these ratios to the calculated vertical diffusion gustiness, Gz, 
the estimated lateral diffusion gustiness, Gy = 0.03, 0.054, and 
0.16 for very stable, moderately stable, and small-scale convective 
conditions. 


Airplane for Pest Control 


(Continued from page 242) 
CONCLUSIONS 
The airplane has a definite place in the agricultural pest 
control field today. Its use for applying dusts has been recog- 
nized for many years. Limited use has already been made of 
aircraft for liquid spraying during the past 15 years, and with 
the recent developments of herbicides for weed control the de- 
mand for plane spraying has increased tremendously. The de- 
velopment of some insecticides such as DDT and other 
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materials in liquid suspension forms for vegetable and fie'd 
crops will cause a greatly increased demand for aircraft spro y- 
ing this year. It would appear that liquid spraying will soon 
replace poisonous dusts as a pest control measure primar'!y 
because the drifting problem is nearly eliminated. 


At the present time we find the airplane being successfuily 
used for applying herbicides on grain fields, rice fields, alfal ‘a, 
irrigation and drainage ditches. In the field of insecticides and 
fungicides the plane has great potential usage for field and 
vegetable crop spraying. Application of insecticides and fun :i- 
cides on deciduous trees by plane still requires a great deal of 
study and experimental work. 


While the seeding of crops is not pest control, it is inter- 
esting to note that many thousands of acres of barley and 
legumes have been seeded this year by plane. Of course, rice 
seeding has been a standard practice for years. Rather exten- 
sive broadcasting of fertilizer is also being done. These diverse 
agricultural applications for the airplane make it possible for 
the commercial operators to use their equipment over a greater 
portion of the year, and as a result lead to better equipment 
and less cost to the farmer. 


CO, to Prevent Scald of Stored Apples 


| i SHOULD be emphasized that no visible carbon dioxide 
injury to the flesh and no effect on flavor was observed 
with the following varieties: Cortland, Rhode Island Green- 
ing, Northern Spy, Delicious, Jonathan, Stark, Winter Ba- 
nana, Gravenstein, and Wealthy. . . . In every case the treat- 
ments with carbon dioxide resulted in firmer fruits as meas- 
ured by pressure test. This increased firmness means a longer 
storage period for the fruits concerned. 


It is believed that, with better methods of speeding evolu- 
tion of carbon dioxide from dry ice, one ton would be enough 
to provide an atmosphere of 50 per cent of this gas for five 
days in the room used. Assuming that the room is filled with 
3300 bu of fruit, the cost of the dry ice would be less than 
two cents per bushel. 

Additional work is being carried on this season to deter- 
mine the best means of providing proper concentrations of 
carbon dioxide in a cold storage room. The response of addi- 
tional varieties including Grimes, York, Stayman, and Black 
Twig is being studied. It is hoped that recommendations for 
limited commercial trials may be made before the 1947-48 
storage season. — From a paper by E. P. Christopher, in “Re- 
frigerating Engineering” for April, 1947. 


A radio telephone is used for communication between the headquarters of Seabrook Farms Company at Bridgeton, N. J., and 18 mobile 
units which operate in eight vegetable divisions and one orchard division, comprising 19,000 acres. The two-way telephone sets are usc-: 
for directing field operations and reporting progress and problems by this company, which is a large producer for the frozen foods market 
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Soil Erosion Studies — Part III 


Some Effects of Soil Erosion on Infiltration and Surface Runoff 
By W. D. Ellison 


MEMBER A.S.A.E. 


has a pronounced effect on decreasing infiltration and 

increasing surface runoff. The splash erosion process 
which muddies surface waters and breaks down soil clods and 
ageregates will thereby reduce infiltration. Erosion that scours 
rilis and gullies, in addition to draining small surface basins 
anc thereby reducing surface storage, will also cause velocities 
of surface flow to be increased; both of these changes will tend 
to increase surface runoff. 

Definitions. First of all, let us clarify the use of several 
terms. The “infiltration process’, as the term is used in this 
paper, refers to water entering a soil mass by filtering through 
pores in the surface. Under exposure to rainfall and other 
elements of weather, there will usually be developed in the 
surface soils a thin layer of relatively low permeability. The 
least permeable plane in this layer will control the soils infil- 
tration capacity. Pores in the surface soil are usually unstable, 
and changeable, and their water-filtering capacities may vary 
with each change that takes place. In some soils the least 
permeable plane is found on the very surface, while in other 
soils it is found just below the surface. In most of our prac- 
tical field work the least permeable plane that affects the in- 
filtration capacity will be found in what we might call the 
“skin” of the soil, a thin layer on the outer surface which is 
materially changed in structure by its exposure to the elements 
of weather. The depth of this layer may vary with the differ- 
ent soils, but it will usually be less than an inch deep. Thus 
the infiltration process is a surface phenomenon, and the term 
infiltration capacity refers to a rate capacity. It can be de- 
scribed by saying it is a measure of permeability of the least 
permeable plane of surface soil, and it will usually be ex- 
pressed in terms of inches depth of water per hour that will 
filter through this plane. 

After the water has once filtered through this least per- 
meable surface plane, its disposal within and through the 
profile materials is referred to as infiltration disposal. Thus 
we see that infiltration disposal capacity is a profile phenom- 
enon, and that the term “capacity” as used here also refers 
to a rate, and it is usually measured in inches depth of water 
per hour that the profile materials will dispose of. Disposal 
of infiltration is achieved through storage within and trans- 
mission through the profile materials. The amounts of water 
that are stored will depend on a soil’s storage capacity. This 
will represent the quantity of water that some specified depth 
of the soil may absorb. 

The runoff process, as the term is used in this paper, is 
limited to surface flow which is in the process of running off 
some designated area. Here we make a distinction between the 
terms surface flow and surface runoff. A quantity of surface 
flow does not become a quantity of runoff until it flows off the 
drainage area to which we apply the term “runoff”. Runoff is 
applied either to a rate when referring to the process or to a 
quantity of water when referring to the amount of runoff. 

Splash Erosion and Infiltration Capacities. To measure the 
infiltration capacity of a soil, we must eliminate subsurface 
(profile) obstructions which would restrict infiltration rates. 


Te purpose of this paper is to show that soil erosion 


This Paper was prepared expressly for AGRICULTURAL ENGINEER- 
ING, and is the third of a series. 


W. D. ELLIson is assistant chief, Division of Drainage and Water 
Control (Research), Soil Conservation Service, U. S. Department of 
‘ericulture, Washington, D. C. 


For example, we cannot measure the capacity of a strainer, 
if we have another strainer of lesser capacity immediately 
below it. Nor can we determine infiltration capacity of a soil’s 
outer surface if profile conditions below the surface plane 
restrict infiltration rates. But where the disposal capacity is 
equal to or exceeds the infiltration capacity of a soil, the infil- 
tration rate will equal the infiltration capacity of that soil. 
This was the situation while experiments listed in Table 1 
were being run. In this work one inch of topsoil was spread 
on a sand base about 18 in deep. In the sand there were tile 
drains to insure that the infiltration disposal capacity of the 
base materials would exceed the infiltration capacity of the 
soils. The infiltration rates underwent change, as shown for 
various time intervals. 


TABLE 1. SUMMARY OF INFILTRATION DATA** 


Test Soil Drop Drop Rainfall Infiltration rate at 
No. No. velocity, diameters, intensity, 5 min, 15 min, 30 min, 1 hr, 
fps m iph iph iph iph iph 
1 I 0 5.1 6.9 2.4 2.3 2.2 2.0 
2 I 3.1 5.1 6.7 2.2 1.6 1.4 1.3 
3 : ms 5.1 6.8 1.4 2 ok 
4 II 0 5.1 6.7 3.5 3.2 3.0 2.8 
5 II 10.2 5.1 6.4 1.8 - -6 -6 
6 III 20.4 5.1 5.8 1.4 0 -0 -0 
7 Ill 0 5.1 6.8 —_ —_ _ 6.7 
8 III 3.1 5.1 6.9 5.7 4.6 3.5 2.7 
9 III 6.1 5.1 6.5 4.9 2.7 2.1 2.0 
10 III 10.2 5.1 6.7 2.0 1.0 oe _ 
11 III 20.4 5.1 6.5 on 3 _ _— 
12 IV 0 5.1 6.6 6.5 6.4 6.3 6.1 
13 IV 3.1 5.1 6.4 6.3 5.2 4.4 3.7 
14 Iv 10.2 5.1 6.5 3.6 2.1 1.8 saat 
15 IV 20.4 5.1 6.5 1.5 A i 7 _ 


*Analysis by R. L. Burling and W. D. Ellison. 


Factors Affecting Infiltration Capacities. The primary fac- 
tors which affect these infiltration capacities are of two groups: 
(1) Properties of the materials through which the water must 
filter, and (2) properties of the liquids to be filtered. Obvi- 
ously then infiltration rates decrease either when the soil pores 
through which this water must filter are decreased in sizes 
or numbers, or when the surface water is made more muddy. 
Studies at Coshocton, Ohio, showed that both the muddiness 
of surface water and the properties of pores in the soil sur- 
face were very sensitive to raindrop impact characteristics, and 
that each underwent change with each increase in the impact 
energy of the falling raindrops. 

Splash Makes Surface Watér Muddy. Each time raindrop 
impacts are increased the surface water is made more muddy 
through splash erosion?-*-. A high sensitivity of splash ero- 
sion to raindrop impacts is shown in Table 2. Here it may be 
seen that an increase in either drop size, drop velocity, or rain- 
fall intensity tends to increase the amounts of soil splashed. 
These relationships were expressed by the formula 


E= KV 4:33 1.07 [0.65 {1} 


where E = the relative amounts of soil splashed, during a 30- 
minute period 
K =a constant of the soil 
V = velocity of raindrops in feet per second 
d = diameter of raindrops, in millimeters 
I = inches depth of rainfall per hour. 


‘Factors that Affect Surface Sealing and Infiltration of Exposed 
Soil Surfaces, AGRICULTURAL ENGINEERING, April, 1945. 

?Recent Studies in Raindrops and Erosion, by J. Otis Laws, AGri- 
CULTURAL ENGINEERING, November, 1940. 


®Studies of Raindrop Erosion, AGRICULTURAL ENGINEERING, April 
and May, 1944. 
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TABLE 2. QUANTITIES OF SOIL IN RAINDROP SPLASH* 


Velocity of Diameter of Intensity of Soil splash 
Experiment drops, fps drops, mm rainfall, iph (E),g 
1 18.0 aD 4.8 223 
2 18.0 32 4.8 446 
3 18.0 5.1 8.1 690 
4 14.5 3.5 4.8 67.1 
5 14.5 5.1 4.8 203 
6 14.5 5.1 8.1 295 
7 12 3.5 4.8 45.5 
& 8 12 $4 4.8 35.7 
: 9 12 5.1 8.1 67.3 


Splashing Raindrops Break Aggregates. The impacts of 
raindrops also tend to break down soil aggregates. Some re- 
sults of this action are shown in Table 3. It is apparent that 
the effects of breaking down soil aggregates, as shown in this 
table, would tend to reduce permeability in the surface plane 
of a soil. The effects of this, along with the effects of muddy- 
ing the surface water (as shown in Table 2), would work to- 
gether in reducing the infiltration capacities listed in Table 1. 


TABLE 3. AGGREGATE ANALYSIS BEFORE, DURING, 
AND AFTER RAINFALL* (Expressed in per cent) 
2tol 1 to 0.5 0.5 to 0.25 0.25to 0.105 mm 
2mm mm mm mm 0.105 mm and less 
Before rainfall 
13.34 6.33 6.69 8.01 12.05 53.55 
Materials contained in runoff 
40 1.68 2.39 2.85 S:2z7 87.26 
Materials contained in raindrop splash 
2.40 3.89 5.07 5.24 11.38 71.96 
Materials on surface after rainfall 
19.85* 4.38 4.47 4.09 12.62 54.56 


*Agegregates include all stone fractions which have collected in ex- 
cess on the surface during rainfall. 


Differences in Clay Content and Aggregation Cause Changes 
in Infiltration. Infiltration capacities of the four soils shown in 
Table 1 are seen to vary with soil differences, as well as with 
each increase in drop impacts. A study of the properties of 
these four soils shows that state of aggregation and clay con- 
tent of a soil are both important factors affecting the results. 
Relationships of these properties to infiltration capacities can 
be summarized as follows: To improve the aggregation tends 
to increase the soils infiltration capacity, while to increase the 
clay content without improving the aggregation will tend to 
decrease this capacity (Table 4). 


TABLE 4. COMPARISON OF PHYSICAL PROPERTIES 
AND INFILTRATION RATES' 


Soil Aggregates greater Clay B= 35,* E=0.1,* 
No. than 0.105 mm, per cent per cent in/hr + in/hr+ 

I 44 14 a7 0.2 
II 67 12 2.8 Pe 
Ill 80 12 5.2 1.4 
IV . 80 6 5.7 2.1 


*The amount of soil splashed is a function of time, and the values 
of E in this table are based on average 30-min time intervals (formula 


{1]). 


+ The infiltration rates are averages for all time intervals shown in 
Table 1; this average is 25 to 30 min for each test. 


Results in Tables 1 and 4 seem to justify the conclusion 
that both impact energy of raindrops and properties of the 
soil will have an outstanding effect on the infiltration capacity 
of a bare field. In view of this, our conservation practices 
that will have an important effect on increasing the infiltra- 
tion capacity of a soil must achieve either (a) a reduction in 
raindrop impacts or (b) a change in soil structure, such as 
will bring about a change in soil permeability. The discussion 
which follows will be restricted to factor (a), the raindrop 
impacts. 

Cause and Effect Relationships. Since the infiltration dis- 
posal capacity exceeded the infiltration capacity of the soil for 
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all experiments listed in Table 1, those infiltration rates ma 
be accepted as representing the infiltration capacities of th: 
soils. This being true, we may plot each of these capacitic: 
as a dependent variable, and the impact of raindrops as an 
independent variable, and our diagram will represent a caus: 
and effect relationship. A typical cur) 
of these relationships is shown in Fig. | 
where infiltration capacity is plotted a 
4 the ordinate and a factor of raindrop 
impact is plotted as the abscissa. 
Before we can make the plotting: 
P shown in Fig. 1, we have to be able to 
measure the infiltration capacity of the 


Infiltration capacity 
(inches per hour) 


20 40 60 80 100 


A function of rainfall impact (D3) 
Fig. 1 Rainfall impact and infiltration capacity 


soil and the impact energy of the falling raindrops. The methods 
used in measuring infiltration capacities of disturbed soil 
samples (results listed in Table 1) were described in the pre- 
ceding discussion. Methods to be used on undisturbed field 
samples are to be discussed in some of the following para- 
graphs. The impact factor (represented by the symbol D,) 
may be measured with the sand dish described in a previous 
paper‘. 

Where a field contains growing crops or mulches, the D , 
factor is reduced by raindrop interceptions. Effects of these 
interceptions are represented by increases in R values‘, and 
where the soil is partially covered, the impact factor will be 
equal to D,/R. Each increase in the value of R will reduce 
the effects of the D, factor and help to preserve infiltration 
capacities. Consequently the infiltration capacity of each soil 
will be a function of the R value of its cover. Typical rela- 
tionships for these factors are shown in Fig. 2. 

To measure the infiltration capacity, where the soil can be 
removed and spread over a sand bed, is a fairly simple matter. 
But where the soil must be tested under a growing vegeta- 


*Soil Erosion Studies — Part II, AGRICULTURAL ENGINEERING, May, 
1947. 


Partial cover - R - 20 


Partial cover - R = 10 


Infiltration capacity 
(inches per hour) 


Partial cover - R = 5 
No cover -R=1 


20 40 60 80 100 


Impact factor (D) 
Fig. 2 Rainfall impact and infiltration capacity modified by vegetation 
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tion, where it cannot be removed and spread on a sand bed, 
the problem is more difficult. Perhaps the best procedure is 
first to test the disposal capacity of the profile materials under 
the vegetation, and if this is found to be in excess of the infil- 
tration rates, then the infiltration rates measured on that soil 
will be equal to the infiltration capacity of the soil. 

Infiltration Disposal. The infiltration disposal capacity 
may be measured by spading up about the top 1 inch of soil 
to make certain that surface seals developed through the beat- 
ing actions of raindrops are destroyed, and the rainfall is 
then applied without impact. This application can be made 
wiih the rainfall applicator shown in the previous paper‘. 
The apparatus is lowered to the soil so that the drops are 
relcased from the strings while they are in contact with the 
soi. Another way of eliminating impact is to lower the equip- 
meat to a height of only about two feet above the surface and 
then cover the soil with burlap, or completely cover it with a 
mulch before the drops are applied. The screen which supplies 
the raindrops is 4x4 ft, and the area to be spaded and pro- 
tected with burlap or mulch will be approximately the same 
size. 

A small plot about 1x1 ft, in the center of this larger 
area, may be used for measuring infiltration disposal. A sheet 
metal border of about 20-gage iron can be used for the bor- 
ders of the 1x1-ft plot. This should be sunk into the soil 
about 14 in below the depth of spading. If the spading goes 
only lin deep, then this border should be set about 114 in 
deep. It should also extend about 11 in above the soil sur- 
face to confine the surface flow. A small 34-in tube will serve 
to remove runoff from this 1x1-ft plot, and infiltration disposal 
capacity will be equal to the rate of water application minus 
the rate of runoff. 

The curve of infiltration disposal capacity may now be 
plotted as shown in Fig. 3. This capacity will be affected by 
the permeability of the soil (which is a measure of its trans- 
mission capacity when fully saturated) and by the volume of 
available storage within the soil. Wherever there is a plane 
or section of profile materials below the surface, that is less 
permeable than materials above it, then the permeability values 
as measured for the profile materials will be affected by the 
quantity of water in the profile. Storage capacity will also 
vary directly with the amount of water the profile contains. 
Since the effects of water in the profile will affect both the 
permeability and the storage factors in the same way, tending 
to reduce both, we may use the factor of variations in quanti- 
ties of water in the profile as a primary cause for variations 
in the disposal capacity (Fig. 3). (N. B. It is important to 
recognize that while the quantity of water contained in the 

soil will represent a principal 


rl factor affecting infiltration dis- 
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The terminal disposal capacity shown at the right of Fig. 3 
is approximately equal to the transmission capacity of the 
least permeable layer of the profile materials through which 
the water is filtering. If below this layer there is an increase 
in permeability of the profile materials, this increase will not 
affect the curve as it is extended to the right. But if the water, 
as it filters downward, should reach a plane of less permeable 
materials, this curve would be further depressed as it is ex- 
tended to the right. 

Comparing Infiltration Capacities with Infiltration Disposal. 
Usually one of our primary objectives in making an infiltra- 
tion study is to learn what conditions of tillage and soil covers 
will be required to maintain an infiltration capacity equal to 
the infiltration disposal capacity. This can now be determined 
by converting Figs. 2 and 3 to a common base (a time base) 
and plotting them one over the other as shown in Fig. 4. 

From a study of this figure we determine the R values of 
the cover which will be necessary to maintain an infiltration 
capacity equal to the disposal capacity. In this way we deter- 
mine if water conservation through increased infiltration can 
be achieved through improving the infiltration capacity, or if 
that capacity already exceeds the disposal capacity. In the 
case of Fig. 4 we find that a cover value of 10.0 will repre- 
sent almost the maximum cover that will improve infiltration 
for a single storm on this soil. Before we can decide on cover 
requirements for a series of storms, we will have to know the 
surface recovery rates, and the frequency of tillage. It may be 
assumed that maximum infiltration capacities are re-estab- 
lished at each cultivation. 

Measuring Large Values of Infiltration Capacity under 
Growing Vegetation. In all of the above work, where there 
were vegetative covers on the soil, we were limited in our 
procedures to measuring infiltration capacities which were less 
than the profile disposal capacities. These procedures will 
suffice for most of the practical field work, because in most 
areas the infiltration capacities will be less than the disposal 
capacities. But there will be times when it will be desirable 
to measure infiltration capacities which are higher than the 
disposal capacities of the profiles. This would be true in areas 
where we intended to increase the disposal capacity through 
the installation of tile or through other practices which will 
improve the profile drainage. 

Since the crop covers prevent us taking up the soil to 
spread over a sand bed, as we did in the experiments shown 
in Table 1, the alternative seems to be to remove some of the 
profile materials which restrict rates of disposal and replace 
these with a well-drained sand that will have a high disposal 
capacity. This can be done by boring in with a small auger 
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placed inside a thin-walled pipe which is perforated. The pipe 
will be forced in at the same rate that the auger bores, about 
2 to 3 in below the surface and parallel to it. After the auger 
is removed, the pipe can be filled with wet sand. The number 
of sand-filled pipes that will be needed can be determined 
only through experiment. It will depend somewhat on how 
much the infiltration capacities exceed disposal capacities, and 
on how high one wishes to develop the infiltration capacity 
curves. 

Thus far we have considered only the primary factors 
which affect infiltration. If we measure these accurately and 
succeed in characterizing and classifying different surfaces and 
profile conditions which affect infiltration and its disposal, we 
should then be able to estimate and predict infiltration and. 
disposal capacities of the various fie!¢ conditions. From these 
estimates we may also estimate rates at which rainfall in ex- 
cess of infiltration will accumulate on the surface of a field. 
This value of accumulated surface water may be designated as 
P —F, where P = precipitation and F = infiltration. 

Scour Erosion and Runoff. One may deduct surface storage 
on the field from the accumulated surface water (P—F) to 
obtain the surface runoff. However, where rill and gully ero- 
sion are active, we cannot always depend on surface storage 
to reduce the runoff. If water is stored in surface depressions 
and rill and gully erosion drain these depressions later in the 
storm, the effects of the storage may be to increase rates of 
runoff. These rills and gullies will also tend to increase ve- 
locities of surface flow as it moves down slope, and this too 
will increase rates of runoff. Thus we see that rill and gully 
erosion can affect runoff through changing either (1) the 
amount (inches depth) of water stored on the field surface 
or (2) the characteristics of the surface flow which affect con- 
centration of the runoff. 

The effects of soil erosion on the surface storage factor 
will usually vary from one field to another, and wide varia- 
tions occur between various crops and on different land slopes. 
No measurements were made of the effects of rill and gully 
erosion on the storage of surface water. However, a number 
of surface velocities were measured on similar plots, some 
with gullies and others without gullies. These were made at 
Coshocton, Ohio, in 1942 and typical results are shown in 
Tables 5 and 6. 


Effects of Rill and Gully Erosion on Runoff Concentra- 
tion. Runoff is affected by a concentration factor which is 
commonly referred to as a period of concentration. As the 
period of concentration is decreased, the’ rates of runoff per 
unit of watershed area tend to increase. Distance of flow 
sometimes may be affected by soil erosion, but usually the 
size and shape of the drainage area will control the distance 
that water must flow to reach an outlet. But velocity of flow 
may be greatly affected by erosion which cuts rills and gullies. 
These rills and gullies in the surface will increase velocities 
of surface flow as the water moves toward the drainage out- 


TABLE 5. COMPARISONS OF SURFACE FLOW VELOCITIES AS 
: AFFECTED BY GULLIES 


Q per ft of Medium Maximum 
Slope plot width, cfs velocity, fps velocity, fps 


Experi- 
ment Condition 
1 Wheat stubble, 


no gullies 0.06 0.12 0.70 1.0 
2 Wheat stubble, 

some gullies .06 .12 1.33 1.5 
3 Wheat stubble, 

no gullies -16 12 85 1.09 
4 Wheat stubble, 

gully down 

middle of plot 16 a2 1.30 2.00 
5 Bare soil, minor 

gullies .06 -12 2.14 3.00 
6 Bare soil, heavy 

gullies .06 12 3.00 4.28 
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let. Some velocities of surface flow measured in 1942 and 
1943 at Coshocton, Ohio, are shown in Table 5. Equipment 
used in making these measurements consisted of a large water 
tank mounted on wheels. It could then be hauled to any 
point on the field to supply water to a plot 6 ft wide and 20 ft 
long®. 

We can detect a decided effect of crops on velocities of 
flow by comparing experiment 1 with experiment 5 in Fig 5, 
and experiment 2 with experiment 6. The tillage too will 
affect the velocities of flow, and thereby affect the concentra- 
tion of runoff. Table 6 lists experiments made in corn fields, 
three of which were cultivated up and downslope, and three 
on the contour with a ridge about 4 in high in each corn row. 
There were no gullies in the plots listed in Table 6 and ditier- 
ences in velocities reflect the effects of different cultivating 
practices on velocities of surface flow. 


TABLE 6. COMPARISONS OF SURFACE FLOW VELOCITIES AS 
AFFECTED BY CULTIVATION 
Experi- Q per ft of Medium Maximum 
ment Condition Slope plot width, cfs velocity, fps velocity, fps 
1 Contour culti- 
vation 0.06 0.12 1.0 3.3 
2 Up and downslope 
cultivation 06 a2 3.0 4.3 
3 Contour culti- 
vation 10 By 1.4 2.0 
4 Up and downslope : 
cultivation 10 2 2.8 4.3 
5 Contour culti- 
vation 16 12 13 3.8 
6 Up and downslope 
cultivation 16 2 2.6 4.6 


The “up and downslope” cultivation shown in Table 6 
produces an effect similar to rilling. It not only increases ve- 
locities of surface flow, but it also prohibits significant amounts 
of surface storage. Both of these will tend to increase the 
concentration of peak runoff, and to increase quantities as well 
as rates of runoff. 

Rill and gully erosion can practically eliminate the flow- 
retarding effects of good tillage and cropping practices. Also, 
we must not overlook the possibility of rills being cut at a 
time when the rainfall is at a maximum and when all sur- 
face basins are filled. When this happens, the sudden release 
of stored surface water will increase peak runoff. Because of 
this, we should always consider the water stored in smal! de- 
pressions on cultivated fields as representing a hazard which 
may increase runoff. On soils that are highly erodible one 
should be very cautious about impounding large amounts of 
surface water in small surface depressions on the field. Obvi- 
ously it will be less hazardous to impound surface waters on 
soils that are not easily gullied. 


CONCLUSIONS 

Soil erosion has a pronounced effect on surface runoff. 
To evaluate these effects more fully, we shall have to study at 
least three basic variables of the runoff phenomena. Each of 
these is a factor of runoff formation and each has a major 
effect on quantities and rates of runoff; each also is affected 
by soil erosion. These variables are: (1) rates of accumulation 
of surface water (equal to precipitation minus infiltration ), and 
affected by splash erosion; (2) surface storage which may be 
either positive or negative for any short period of time (nega- 
tive if there is surface storage lost at the time rills are cut), 
and affected by scour erosion which cuts rills and gullies; and 
(3) periods of concentration which are affected by distances 
and velocities of flow, both of which are affected by rill and 
gully formations. 


®Some Effects of Raindrops and Surface Flow on Soil Erosion and 
Infiltration, American Geophysical Union Transactions, vol. 26, no. III, 
December, 1945. 
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Farm Work Simplification— A Joint Problem for Manage- 


ment, Engineering, and Commodity Specialists 
By Paul R. Hoff and Ivan R. Bierly 


MEMBER A.S.A.E. 


Py tHE specialized training that most workers in the several 
& agricultural sciences obtain sometimes makes it difficult 
for them to gain the necessary perspective to appraise 

the'r work objectively. Especially is this true when it comes 
to finding the proper relationship between workers in a given 
field and their co-workers in other fields. Perhaps in the earlier 
days of the development of the agricultural sciences, before 
such a high degree of specialization was developed, such a 
perspective was not needed so urgently as at the present time. 
Now, with more emphasis on the application of results of 
scientific analysis to farm and other problems, it is important 
that full advantage be taken of the specialized training and 
skills of all persons concerned with a given problem. Only in 
this way is it possible to deal with many problems in the way 
that they must be met by the farm or other business operator. 


This paper is not intended to be an exhaustive treatise on 
the need for cooperation between the three groups of special- 
ists indicated in the title. It is intended only to summarize 
some of the conclusions of a management specialist and an 
engineer after three years of cooperative effort with other 
subject-matter specialists in work simplification studies of 
farm jobs. The need for cooperative endeavor in other fields 
is, however, fully recognized. In fact, it is hoped that these 
observations may provide not only a logical framework within 
which work simplification studies may be planned and carried 
through cooperatively, but also some of the understanding 
needed for furthering cooperative 
endeavors in other fields. 

Without trying to define the 
term, for the moment, it appears 
obvious that work simplification 
has as its primary objective the 
easing or shortening of work pro- 
cesses. This is not an end in itself, 
but simply one means of attaining 
lower unit production cost — the 
ultimate challenge to management. 
In appraising the usefulness of 
work simplification, it is well to 
keep it in its proper relation to the 
other means of attaining this de- 
sirable end. 

Speaking rather generally, 
there are four principal ways of 
cutting costs. As applied, for pur- 
poses of illustration, to farming, 
they are: 

1 Increasing production per 
animal and/or per acre, within 
economic limits. It is well known 
that very little additional time is 
required to care for a cow that 
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‘ 
Farm work simplification calls for the three-way coopera- 
tion of management, engineering, and 
commodity specialists 


produces 10,000 Ib of milk as compared with one that produces 
only 5,000 lb, or to grow and harvest 3 tons of hay from an 
acre of land as compared with one ton. Certainly with the 
higher production rates, within economic limits, there is a 
much better chance for a lower cost per unit of product, as 
well as a lower requirement of labor. Improved equipment or 
processes may assist in obtaining this objective. 

2 Increasing the size of the farm business, again within 
economic limits. Not much additional time is required to do 
some of the routine jobs for a large-sized unit than a small 
one. Ordinarily more is accomplished per man on the larger 
units, with lower unit costs. 

3 Selecting and combining the most profitable enterprises 
for each farm. In a given area, certain enterprises ordinarily 
pay better than others, and in a broad sense it is a more effi- 
cient use of labor and of other production resources to pro- 
duce those things which the natural and economic environ- 
ment favor. 

4 Finding and making use of all possible ways to save 
labor, which is and probably will continue for some time to be 
a high-cost item in this country. In most cases a farm merely 
provides a job for the operator and his family — and some 
hired help, if it will return more than its cost. How good 
the job is depends on the amount of output per man. A sav- 
ing in labor in the performance of a given job makes time 
available either for other productive work, or for additional 
leisure. The accomplishment of 
more productive work by the same 
labor force usually reduces unit 
costs and increase net profits. On 
the other hand, a reduction in the 
length of the workday may be very 
important in many instances in get- 
ting and keeping good-quality help 
in the years ahead. While the fore- 
going three factors have the effect 
of increasing gross as well as net 
income, this one aims directly at 
cutting unit costs. Of course, on 
some farms, a reduction in labor 
requirements may be necessary be- 
fore an expansion can be made in 
the volume of business. 


The point of the preceding out- 
line is simply that, so far as indi- 
vidual farm or other business oper- 
ators are concerned, work simpli- 
fication provides only one, though 
a very important one, of several 
means to lower unit costs. Al/ 
means must be recognized and em- 
phasized in assisting farmers or 
others in dealing with this prob- 
lem. In any one situation some 
other factor than easier and shorter 
work processes may be of para- 
mount importance. 


To the individual who is faced 


with the problem of cutting unit 
costs, it matters little whether sug- 
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gestions come from management, engineering, commodity spe- 
cialists, or someone else. If all persons who have an interest 
in the problem fully understand their place in helping their 
clients to find the right answers, the cooperative spirit and 
enthusiasm which such cooperation can develop will help to 
sell the program to many more people than if each individual 
permits himself only to see and consider those phases of the 
problem that fall within his rather narrow sphere of training. 
Worthy of note perhaps is the fact that such fences generally 
are tolerated only within an academic institution. 

With this viewpoint toward the place of work simplifica- 
tion in a well-rounded program aimed at cutting unit costs, 
we will raise the question, “What is work simplification?” It 
seems to be in connection with the definition of the field that 
the basis has arisen for some difference in point of view on 
the part of management specialists and engineers as to which 
of these two fields should have the primary responsibility for 
the development of the field. It is the authors’ contention that 
this should be a joint undertaking, not only of management 
and engineering specialists, but of these together with the com- 
modity specialists who have an interest in the problem. 

Management specialists have frequently defined work sim- 
plification in terms of its objectives, namely and briefly, to 
ease and shorten work processes to the end that effort is 
minimized and unit costs are reduced. In these terms, it 
would appear that work simplification falls within the province 
of the “management specialists’. It seems reasonable that 
management be charged with the ultimate responsibility for 
defining or laying out problems which need attention and 
study so that the business may function more smoothly and 
economically. Further, it is a problem of management to 
choose between alternative methods or cost factors, and to ap- 
praise the merits and demerits of the alternatives that are 
offered. But perhaps we should pause here to note that in 
managing a business decisions must also be made on all of 
the many production, quality, and other problems involved. 
Not all decisions fall within the usual province of the “man- 
agement specialist’. 


ENGINEERING VIEW OF WORK SIMPLIFICATION 


Engineering specialists ordinarily view work simplification 
as a systematic, scientific appraisal of the use of power*, 
tools, and materials to do a given job, and classify this work 
as “methods engineering’. In this appraisal, careful studies 
are made of (1) equipment, (2) arrangement or layout, (3) 
methods, (4) organization of work, and occasionally of (5) 
the forms of the raw material and of the finished product. 
Certainly anyone who has been trained to make a scientific 
and systematic analysis of work processes, whether he is a 
management, engineering, commodity specialist, or someone 
else, can appraise methods and organization of work, and 
offer some suggestions for consideration. But it seems equally 
clear that in studies of equipment and arrangement, either the 
management or commodity specialist would find himself, in 
most cases, quite inadequately prepared. Especially would this 
be true if he should attempt the design of new equipment or 
a careful check on adjustment or operating efficiency of a piece 
of equipment, or even more than rather simple changes in the 
arrangement of the workplace. Not many management or 
commodity specialists could have designed a milking machine; 
nor are they much better prepared by training to answer the 
structural problems involved in rearranging a dairy stable. 
Certainly the responsibilities involved here are those of an 
engineer. 

Another set of guideposts or standards is needed before 
the engineering function can be performed. This set of stand- 


*From an engineering viewpoint, power may be supplied by human, 
mechanical, or other sources. 
: 
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ards must be supplied by the commodity specialist. He can 
appraise alternatives in terms of the quality of the product 
that each produces, and can determine whether or not any of 
the alternatives would have detrimental effects on animal: or 
plants. The management and commodity specialists together 
can ascertain the proper balance between quality of product, 
price, and cost per unit to the end that total net returns will 
be maximized. Then the full team, including management, 
commodity, and engineering specialists, can test alternatives 
with these facts in mind. 

In the definition of these limits and in testing alternatives, 
the commodity specialist has a vital interest. A method. or- 
ganization of work, or change in equipment or arrangement 
that facilitates the work, promotes its timeliness, and helps 
to do a better production job, is of just as much interest to 
him as to the other specialists. Further, as a part of this team, 
he becomes not only a participant in finding the solution, but 
in selling the idea of its use as well. 

So far, the need for joint assumption of the responsibili- 
ties involved in work simplification studies has been outlined 
in general terms. Perhaps reference again to the viewpoint 
which a business manager must take will be the best way to 
summarize the responsibilities of each in this joint undertak- 
ing. In developing and then appraising alternatives, there are 
three primary questions: 


LARGELY WITHIN THE ENGINEER’S PROVINCE 


1 Is there another method, organization of work, arrange- 
ment, or kind of equipment that should be considered? Find- 
ing this means of using power and material to do a better 
job lies largely within the province of the engineer. But this 
should not be interpreted to preclude management or com- 
modity specialists from questioning existing methods, ar- 
rangement, organization of work, or equipment, nor to apply- 
ing time and motion study techniques in the evaluation of the 
various alternatives, nor to offering suggestions for improve- 
ments in methods and organization of work based on these 
observations. 

2 Will the new method, equipment, organization of work 
or arrangement cut unit costs? Finding the answer to this 
question appears largely to be within the field of the manage- 
ment specialist. Management specialists are concerned with 
the organization of resources, and the operation of the busi- 
ness in such manner as to provide the greatest continuous 
profit over a period of time. Keeping unit costs at a mini:num 
is the greatest challenge. One of the most important respon- 
sibilities of management is to appraise the alternatives in 
terms of labor-saving or cost-cutting opportunity. In fact, in 
the authors’ opinion almost all of the work so far done by 
management specialists in the field of work simplification falls 
either in this category, or in the field of helping to find ways 
to fit previously developed innovations into the business opera- 
tion. To do these things, time-and-motion or travel studies, 
or surveys may be used as a means of obtaining the necessary 
procedures or measures of results, depending some on the 
type of problem under consideration. The fulfillment of the 
responsibility of developing new equipment and/or structures 
where needed is the responsibility of engineers. This properly 
comes under the heading referred to above of methods engi- 
neering. The development of new methods to utilize fully the 
new equipment and/or structures requires the cooperation of 
all three groups. 

Every change that results from engineering research has an 
impact.on management, and may require changes in o*gan- 
ization or operation. But it is obvious that economic |:mits 
cannot well be set unless the physical limits are at the same 
time determined. 

3 Will the change maintain the proper quality of the 
product for use or sale, and /or (Continued on page 253) 
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The Use of Heated Air for Hay Curing 


By H. D. Bruhn 


MEMBER A.S.A.E. 


P-s~4HREE years of observations of barn hay-curing installa- 
| tions in Wisconsin indicate that regardless of whether 

hay is completely cured in the field or partially cured 
in ve field and “finished” in the mow with unheated air, 
“good hay weather” is required to produce a high-grade prod- 
uct. Although barn hay curing has advantages of reducing 
leat loss in the field, reducing dust and leaf shattering due to 
fiel’ chopping and pneumatic conveying, and reducing bleach- 
ing n the field by dew and rain, nevertheless barn hay curing 
with unheated air has not overcome difficulties encountered 
due to prolonged periods of cool, humid weather. In these 
prolonged periods of unsatisfactory drying weather the tend- 
ency of the farmer who had hay “down” has been to put it 
in the barn and start the drier, because he thought the hay 
would spoil in the field and maybe the drier would save it. 
f there was any quantity of this wet hay and the damp cool 
weather continued for several days or more, the hay usually 
became moldy in the mow. During the early stages conditions 
in partially cured hay in a barn drier are very favorable for 
mold growth. The 30 to 40 per cent of moisture, the 70 to 
80F temperature, and the adequate supply of oxygen are ideal 
conditions for mold growth. 

Where waste heat can be utilized to bring about an in- 
crease in temperature of the drying air (with engine-operated 
fans), its use is always economical. Where supplemental heat 
is supplied from a separate source, its use during “good dry- 
ing weather” might be questioned from an economic stand- 
point. However, Wisconsin weather conditions are usually 
such that additional heat at night is desirable. 

Field observations have indicated that, by increasing the 
air temperature approximately 10 to 12F with the usual rates 
of air flow, drying progressed satisfactorily in weather where 
practically no drying would have taken place with unheated 
air. 

In installations with the usual rates of air flow and with 
good drying weather, the use of heated air has brought about 
a decided reduction in drying time. Furthermore, other sys- 
tems using heated air have been operated very successfully 
with as little as 814 cu ft per min per sq ft of mow area. 

A very brief summary of a series of drying studies carried 
on at the Wisconsin Agricultural Experiment Station this past 
year demonstrates these principles. 

Seven feet of chopped mixed hay of 32.3 per cent moisture 
content was put on a drier. This drier was in a silo so there 
was no chance for air losses at the sides. The rate of air flow 
was 12 to 1244 cfm per sq ft with an 11F temperature in- 
crease by supplemental heat. Drying was complete in 86 hr. 
During this time the outside air averaged a relative humidity 
of 76 per cent for 60 hr, and there was one thunderstorm of 
Sufficient intensity to cause a short power failure. Actually 
the relative humidity of the outside air was higher than that 
of the air leaving the hay for a period of 6 hr. 

Another 8 ft of chopped hay with a moisture content of 


——. 


This paper was presented at the Third Barn Hay-Curing Confer- 
ence sponsored by the American Society of Agricultural Engineers at 
Chicaco, Ill, December, 1946. 

_ FD. BRUHN is associate professor of agricultural engineering, 
University of Wisconsin, Madison. 
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40.3 per cent was placed above the dried hay. This hay was 
practically dry by the third day and dry enough for storage by 
the fourth day. The rate of air flow was 9 to 914 cfm per sq 
ft. The average relative humidity of the outside air during 
this drying was 50 per cent, and with a 12F temperature rise 
by supplemental heat, the air entering the hay was at ap- 
proximately 41 per cent relative humidity. 

When the drying of the second layer was complete, a third 
batch 10 ft deep was added. The first and second fillings had 
dried, shrunk, and been compressed to the point where the 
total depth was slightly over 19 ft on the completion of the 
third filling. This last batch of hay was dried in four days 
using 81/, to 9 cfm per sq ft of air with the temperature raised 
12F by supplemental heat. 

One inch static pressure was required to bring about this 
air flow. The total mass of hay settled to approximately 16 
ft with a density of 6 lb per cu ft. 

Besides making it possible to barn-cure hay in damp, cool 
weather, the use of heated air to speed up drying or reduce 
the air requirements is of considerable importance to Wiscon- 
sin farmers because of the following conditions: 

1 Three-phase electric power service is available to only 
a very few farms. 

2 There is a tendency to discourage the use of single- 
phase motors larger than 5 or 714 hp for relatively short- 
period service. 

3 Wisconsin barns are usually large. 

4 It is generally necessary to fill the haymows to a depth 
of 14 to 20 ft. 

5 Haying should be completed in a period of 10 days to 
3 weeks. 

Under these conditions the power available is insufficient 
to force the required amount of air through the hay at hand 
at the resistance pressures developed to bring about drying in 
the total mow area in the limited time. 

The alternatives are as follows: 

1 Chopping the hay with a longer cut to reduce the pres- 
sure requirement and thereby make possible a greater flow of 
air with a given fan and power unit. 

2 Building driers for only a portion of the mow and hay. 
If barn drying a portion of the hay is profitable, then systems 
should be built that can dry it all. 

3 Extending the haying season. This is impractical unless 
other crops or practices are adopted. 

4 The use of engine-driven fans. Engines in the range of 
10 to 30 hp are easily adaptable and may prove to be quite 
popular. Their use will increase the rate of drying because 
more power is available to move air, and waste heat can be 
utilized to warm the air entering the hay. 

5 The use of supplemental heat, while the equipment will 
be an added expense, appears to be the only sure way of get- 
ting good hay regardless of the weather. 

Before the war domestic oil-burning furnaces with a heat- 
ing capacity sufficient to increase the air temperature of 20,000 
cfm by 10F were selling about one to one and one-half times 
the list price of fans with this capacity at 1-in static pressure. 

Assuming that the cost of a barn-drying system is equally 
divided into the cost of the fan, the motor and controls, the 
lumber for the duct system, and the labor of installation, the 
furnace probably would increase the total cost 25 or 30 per 
cent. If this additional investment would give a 30 per cent 
reduction in drying time, enough more hay would be handled 
to make it a profitable investment. 
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Only limited information on equilibrium conditions of 
moisture content of air and hay are available. However, field 
observations tend to show that relative humidity of air leav- 
ing a mass of damp hay is seldom greater than 90 per cent, 
or less than 80 per cent during the major portion of the dry- 
ing time. An average of 85 per cent is probably a fair value. 

Some heat of course is generated in the mass of hay itself. 
It seems reasonable to assume that there will be less heat gen- 
erated by decomposition of the hay if drying is rather rapid, 
and there are undoubtedly other sources of heat that are 
cheaper than hay. Thereforé, it would be well to substitute 
the cheaper source of heat and dry the hay as fast as is eco- 
nomically possible. 

If the heat generated in the hay and the heat necessary to 
increase the temperature of hay are disregarded, the passage 
of the drying air through a mass of hay can be regarded, with 
a reasonable degree of accuracy, as an adiabatic process. That 
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The air after passing through the hay then would be as 
follows: 


Wet-bulb temperature, 61F : 
Dry-bulb temperature, 64F 

85 per cent relative humidity 

75Y, grains of moisture per pound of dry air. 

The moisture removed would then be 7514 minus 6°, or 
1314 grains per pound of dry air. 

The heat required to increase the air temperature from J 
64 to 72F can be calculated or read directly from anenthalpy | 
table. It is 2.01 Btu per lb of dry air. Therefore, for 2.01 § 
Btu of supplemental heat an additional 714 grains of moisture 
can be removed by every pound of air passing through the hay. 

If we assume that a 5-hp motor will require 4.9 kw to 
operate a fan delivering 20,000 cfm, at a charge of 3c per 
kw-hr, it will cost $1.90 per ton to dry hay from a 40 to 10 


-% 


u . 2 per cent moisture content if unheated air is used. § 
is, the total heat of the air passing through the hay remains If, however, heated air is used, heat being obtained fro z 
the same. Under these conditions the wet-bulb temperature of ga inace 75 per Git Gidea Winn, tatein Pa ae aad ‘<n “J 
the air will be the same on leaving the hay as on entering. 7.25 Ib per gal, 19,700 Btu per Ib, the aes ats z cae é 
The dry-bulb temperature of the air leaving the hay will be energy plus fal tee drying the scani: Minis tieilit Gen $1.63 , 3 
lower than on entering, and this drop in dry-bulb temperature With bett ‘esa eal diti ee fl eT 
will, of course, be compensated for by the moisture removed ; + et natura! drying conditions it would be more 
from the hay and carried by the air leaving the hay. COREE tb dey Sehout = eorneree eg manent, wd 
iiicitidia WE alles conan Resided wee € the ai conditions set up for the previous calculations are fairly repre. J aren 
: ‘ — a eo =n: fee cee spells and the hours of darkness ; 
entering the hay are known, it is possible to predict with rea- ide & aed © dak ele coll th diti 4 beet 
sonable accuracy that the air on leaving the hay will have the Ps ate Sie sated ey th od fo “ nelle ” — er = mig 
same wet-bulb temperature and the relative humidity will be So ee aad . ” Ho § P y dj iy : - e “ys s, namely, § 
about 85 per cent. Wis a, 
Considering the following rather unsatisfactory weather ae eee ids tie | wit 
conditions prevailing at Madison, Wis., at 9:00 a.m., June in Fi i yao . ae a toe che ata shown usit 
15, 1946 gs. 1 and 2 were taken, the natural outside air passed ff a 
, through the fan, and was heated on traveling from the fan to Ff 
Wet-bulb temperature, 58F the plenum chamber. The air passed directly from the plenum h 
oe Dry-bulb temperature, 64F chamber to the hay. Relative humidities are recorded values, wes 
Rees 70 per cent relative humidity ; and from these values the grains of moisture per pound of Ma 
be 62 grains of moisture per pound of dry air. dry air were calculated to} 
Oe iy After this air passes through a mass of damp hay, the The theoretical grains per pound without heat were calcu- ™ 
ae following conditions will prevail: lated, assuming an adiabatic process and a. relative humidity 15 
oy Wet-bulb temperature, 58F of 85 per cent for the air leaving the hay. This of course pe 
Dry-bulb temperature, 61F would not hold true in all cases because at times the unheated ne 
85 per cent relative humidity : air was over 85 per cent relative humidity, and without heat- rs 
68 grains of moisture per pound of dry air. ing it would either leave the hay at a higher humidity or some ‘ | 
Therefore, each pound of dry air passing through the hay of its moisture would be left in the dry hay near the bottom r 
removes 68 minus 62, or 6 grains of moisture. of the mow. i 
If the air entering the hay had been previously heated Fig. 1 does show, however, that by heating the air there Wi 
from the dry-bulb temperature of ss he 
64F to a temperature of 72F, the g ! 2 
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Sane heme: S140 e --Baan Hay Drier _ h 
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ut. _Time lor Day ze 
was always some drying taking place, while there would have 
been no drying at times without heating the air, and there 
might have been a hay-dampening process. 

Fig. 2 shows a set of conditions better suited to hay drying. 
During this period drying would have progressed fairly well 
without heat both day and night. The only justification for 
using heated air under these conditions is to increase the rate 
of drying. 

The optimum air temperature increase by supplemental 
heat has not yet been determined. However, the maximum 
temperature increase allowable for a given atmospheric condi- 
tion can be determined from a psychrometric chart with rea- 
sonable accuracy. An example follows: 

Again consider the weather conditions at Madison on June 
15, 1946, at 9:00 a.m.: Dry-bulb, 64F; wet-bulb, 58F; 70 per 
cent relative humidity. If this air is heated (at constant mois- 
ture) to a dry-bulb temperature of 85F, wet-bulb, 66F, and is 
then passed through the damp hay adiabatically (let us as- 
sume), the air is likely to emerge at a wet-bulb temperature 
of about 66F and at 85 per cent relative humidity. The air 
under these conditions will have a dew point of 64F which 
will be just on the borderline of precipitation if the air in the 
haymow above the hay is the same temperature as the outside 
air. Heating the incoming air over 21F in this case would 
cause precipitation or a wetting of the top few inches of the 


hay in the mow. In cases where precipitation has actually. 


occurred, droplets of water can be seen hanging from the in- 
dividual hay stems. 

The dry-bulb temperature of this air on leaving the hay 
would probably be about 69F and as this emerging air warms 
the mow space, the amount of temperature rise of the air 
entering the hay can be progressively increased until the air 
temperature above the hay becomes stabilized. 

Heat generated within the hay itself will decrease the al- 
lowable temperature increase of the drying air. The amount 
of this decrease will depend to a considerable extent upon the 
rate ot airflow. At high rates of airflow the heat generated 
in the hay will probably be of no consequence; however, at 
very low rates of airflow the heat generated in the hay can 
easily be of sufficient quantity to make heating of the incom- 
ing air entirely undesirable. This situation is admirably dem- 
onstrated by the warm, wet spots which often develop on top 
of the hay when rather damp field-dried long or chopped hay 
1s put in a mow to considerable depth and where no barn 
drier is used. Here the rate of airflow is practically zero and 
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Fig. 2 Later in the haying season 
much better drying weather is 
usually encountered. Heating the 
air under these conditions may 
increase the total drying cost. 
However, a much higher rate of 
drying can be obtained, and the 
limited drying facilities will not 
be as great a retarding fact on 
the rate of hawmaking 
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considerable heat is developed in 
the hay itself. As the warm, damp, 
slow-moving air approaches the 
surface of the hay, its tempera- 
ture drops below the dew point 
and precipitation occurs. 

In barn-curing installations the 
entire top surface of a mow some- 
times becomes wet when consider- 
able quantities of very wet, short- 
cut clover hay are put in a drier and the airflow, for one rea- 
son or another, is very low or entirely absent. 

With high rates of airflow the heat generated by the hay 
is carried off with. relatively little increase in air temperature. 
Therefore, until more experimental data are available, it will 
be wise to use rather high rates of airflow if the air entering 
the hay is being heated to any appreciable extent. This will 
bring about quick drying and prevent the moisture removed 
from the hay at lower depths from being deposited on the top 
few inches of the hay. 
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Farm Work Simplification 
(Continued from page 250) 


maintain animals or plants at effective production levels? 
Neither the engineer in a study of the application of power and 
materials, nor the management specialist in the appraisal of 
the change from an economic viewpoint, are fully prepared to 
answer this question. It is up to the animal husbandry spe- 
cialist to specify the width of stalls that should be put into a 
new dairy stable; or the fruit specialist to ascertain the degree 
of injury in an orchard where a new spraying practice or 
sprayer is being tried; or to the poultry specialist to ascertain 
the change in quality that has taken place within an egg. 

Finally and perhaps most elementary of all in an ap- 
praisal of the joint responsibilities of the three specialists in 
examining work processes is the fact that the business man- 
ager must answer all of these questions at the same time. The 
problem of the manager in consideiing changes is to find that 
balance or combination between the several factors with which 
he works that will minimize labor requirements and costs, 
but still maintain quality and biological productive capacity. 
The best answer from a strictly engineering viewpoint might 
be an entirely automatic system; but this might not be the 
most economical; or it might not result in the necessary qual- 
ity of product. On the other hand, in view of great econo- 
mies due to some new device, method, or arrangement, some 
sacrifice in quality might be justified. 

Management, engineering, and commodity specialists can 
make the largest contribution to the field of work simplifica- 
tion by each developing his own subject matter and relying 
on the other members of the team for the contributions they 
can make best. There must, however, be a team in which 
each person is not only qualified in his own field, but ready 
and willing to appreciate the problems of the other members 
and to work jointly toward a solution. 
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Air Distribution through Long, Loose Hay 
in High, Narrow Mows 


By J. B. Stere and L. S. Singley 


MEMBER A.S.A.E. 


HE size and shape of haymows is the principal factor 

limiting the performance of mow hay finishers in Penn- 

sylvania. This limiting factor is further influenced by 
the quality of hay to be cured and the rate of filling a mow. 
Haymows in the typical bank-type barn in Pennsylvania are 
usually about 20 by 40 ft and from 18 to 30 ft high. The 
number of mows in a particular barn varies from two to five, 
but the size and shape of each mow is fairly consistent. In 
most cases, each mow is filled separately with different cut- 
tings or with different varieties of hay. Attempts by some to 
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closing side laterals, further increased the static pressure as 
much as 0.2 in. When the static pressure increased from 1 in 
to 1.2 in, the rated output of the fan (Fig. 3) dropped irom 
17,400 to 11,000 cfm, or a decrease of 6,400 cfm. This in- 
crease in pressure caused by closing the side laterals reduced 


influence farmers to combine mows or 
change their practices of filling have 
not been accepted because such sug- 
gested changes offered no improve- 
ment in farm management. 

Slotted Floor Distribution System. 
The slotted, slatted, or false floor 
system, as shown in Fig. 1, was the 
first method of air distribution used 
in these high, narrow mows. This 
system is satisfactory when hay that 
is placed in the upper portion of the 
mow is coarse, mature, and low in 
moisture content. The development 
of this method of finishing hay in 
mows has focused more and more at- 
tention from year to year to the value 
of high-quality hay. The variety of 
hay and its state of maturity and leafi- 
ness not only affect the quality of hay, 
but these factors also affect resist- 
ance to air flow through the hay. The 
better the hay quality, the greater is 
its resistance to air penetration. 

Six years’ experience with the 
slotted-floor system in high, narrow 
mows on farms where hay quality 
has improved from year to year has 
shown that this system is not effec- 
tive in satisfactorily penetrating the 
upper levels of such mows. Air losses 
through the sides of the mow are ex- 
cessive and fan performance is im- 
paired because of increased resistance 
pressures as higher levels of mowing 
are reached. Static pressures measured 
approximately 10 ft in front of the 
fan were frequently found to be as 
high as lin. (All static pressures 
mentioned in this paper were meas- 
ured approximately 10 ft in front of 

: the fan.) 
Attempts to reduce side losses of 

air and efforts to direct more air 

through the center of the mow by 


This paper was presented at the 3rd 
Barn Hay-Curing Conference sponsored by 
the American Society of Agricultural Engi- 
neers at Chicago, Ill., December, 1946. 


cultural engineers, West Penn Power Co. 


J. B. Stere and L. S. SINGLEY are agri- 


TOP OF SLOTTED FLOOR 
." BARN FLOCE— 


SECTION A-A THROUGH SLOTTED FLOOR 
SHOWING SPACING OF FLOOR STRINGERS 


Fig. 1 The slotted floor system of air distribution. —S ee 

The main duct or plenum chamber is usually 4x4 ft. The total cross-sectional area of the openings 

which feed the slotted floor is generally 80 per cent of the cross-sectional area of the main duct. 
Slots in the floor where air enters the hay, range from 34 to 1 in in width 


eee 
Soo 
eae Se es 


Fig. 2 This is a cross-sectional view of high-quality hay on slotted floor. The relatively short dis- 
tance from the outside lateral to the edge of the mow, coupled with the bridging effect of hay over 
the side of the lateral and the lower density of hay in this area, creates easy paths for -ir to 
escape. The higher density in the center of the mow and the horizontal “grain” of hay indicate 
that there is less resistance to air flow in the horizontal direction than in the 
vertical direction in any mow 
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Fic. 3 These are performance curves of the propeller fan, which is the 
most commonly used type in western Pennsylvania 
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the output of the fan to a point where the amount of air 
penctrating the hay was decreased rather than increased. 
\Modified Slotted Floor. In an effort to reduce the system 
static pressure, and at the same time minimize side air losses, 
the following structural changes were made in twelve differ- 
ent slotted floor installations: (1) One lateral on each side 
was removed; thus the putside laterals were then 4 ft from 
the edge of the mow. The remaining laterals were shortened 
in length so that they ended 4 ft from the end of the mow. 
Previously these distances were 2 ft. (2) The height of cen- 
ter laterals were increased so that the total cross-sectional 


Fig. 4 Two views of modified slotted floors 
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Fig. 5 The relationship of static pressure to design elements in nine 
different installations and three types of systems 


area opening into these laterals was equal to or slightly greater 
than the openings for the slotted floor ‘before this alteration. 
(3) The floor slots were increased in width to 3 in and some- 
times to 4 in (Fig. 4). 

The modified slotted floor system was found to have prac- 
tically the same limitations as the original slotted floor. ‘‘No- 
hay-load” system pressures, however, were generally lower. 
When hay was placed on each system, static pressures in- 
creased rapidly, side losses were still excessive, and upper 
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Fig. 6 Two views of the slotted main duct systems 
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Fig. 7 A view of the open main duct 


levels of good quality hay again were not satisfactorily pene- 
trated. 

A study of pressures without hay on these systems re- 
vealed three things that were largely responsible for resist- 
ance pressures, namely, (1) size of the main duct, (2) size 
of the opening into the laterals, and (3) slot area where air 
entered the hay. The relationship of static pressure to these 
three design elements in nine different installations and three 
types of systems is shown in Fig. 5. 

In order to utilize fully the static pressure that the fan is 
capable of working against, to force sufficient air through the 
hay, it was necessary to reduce the resistance of the system 
to a point where uniformity of air distribution through the 
hay would not be impaired. 

In any system a widening of the slots slightly decreases 
the no-load system static pressure. Beyond a certain width, 
however, this has no influence and a complete removal of 
slats has no further effect. 

In one system where the main duct, 15 ft in length, was 
not altered throughout the test, but the slot and lateral open- 


ings were changed, the following tabulated system pressures 
were found: 


Main duct Entrance 
area, lateral area, Slot Slot Static 
sq ft sq ft size, in area, sq ft pressure, in 
13.75 8.9 1 31.2 0.47 
13.75 8.9 land 4 89.8 0.47 
13.75 8.9 Removed slats 0.47 
13:73 14.4 > v 0.23 
13.75 16.7 - ms 0.15 
13.75 14.4 3.75 92.2 0.30 
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Slotted Main Dact, No Laterals. A slotted main duct sys- 
tem (Fig. 6) was designed without laterals to discharge air 
directly into the hay for the purpose of obtaining fast drying 
in high narrow mows. Studies of this system indicated that 


little system resistance was required to secure uniform air 
distribution. 


This system performed satisfactorily when the heig!< of 
good quality hay did not exceed 12 ft. The drying time up to 
this level was as low as four days. Greatest side air | sses 
were found to be around 18 in to 2 ft above the floor. By 
closing the sides of the main duct to reduce these side l«sses, 
and thus secure greater vertical penetration, the static pres- 
sure of the system was increased, which reduced the output 
of the fan. In one instance, the effective height at which fast 
drying could be accomplished was actually reduced wher the 
sides were closed. 

Open Main Duct, No Laterals. After the resistance of the 
distribution system was minimized, the resistance where air 
entered the hay became a problem. In an effort to reduce this 
resistance, the slats on the duct were eliminated and two 
lengths of %-in stranded steel cable were evenly spaced on 
each of the sides and top of the duct frame work to support 
the hay (Fig. 7). 

In the open main duct system shown in Fig 7, the no-load 


static pressure was zero. Static pressures at various depths of 
hay were as follows: 


Depth of hay, ft Static pressure, in 


5 0.10 
8 0.15 
13 0.175 
17 0.20 
20 0.225 


To decrease excessive side losses in this mow with 20 ft 
of hay, the sides of the duct were closed. While this reduced 
side losses, there was no noticeable increase in vertical pene- 
tration. This closing off of part of the discharge area actu- 
ally decreased fan output because the static pressure was in- 
creased from 0.225 to 0.55 in. Experiences with the open main 
duct system revealed that satisfactory penetration was ob- 
tained on the sides and to heights of 12 ft. 


From these experiences and studies, it has been concluded 
that in order to secure adequate vertical penetration for fast 
drying of good quality hay in high narrow mows, it will be 
necessary to develop other means for directing air through 
hay. Studies will be conducted this year of several contem- 
plated plans for improving the performance of hay finishers 


. in high narrow mows. 


Fig. 8 (Left) A view of an early distribution system used in high, narrow mows for chopped hay. Maximum static pressure reached, 4.2 i0 ¢ 


(Right) The same system, as at left, in revised form. Maximum static pressures were reduced to 2in by opening the system discharge 
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Curing Baled Hay 


By C. K. Shedd and E. L. Barger 


FELLow A.S.A.E. 


BSERVATIONS on barn curing of several lots of 

() baled hay were made at Iowa State College in 1945 

and 1946. This work was a cooperative project be- 

twocn the Iowa Agricultural Experiment Station and the 

Bu cau of Plant Industry, Soils, and Agricultural Engineering, 
U. >. Department of Agriculture. 

All of the hay on which these observations were made was 
baled from the windrow by a pickup automatic twine-tie 
bal-r. Size of bales was 14x18x35 - 40 in. The weight of bales 
when containing between 25 and 30 per cent moisture was 
gevcrally between 55 and 65 lb, about 11 Ib per cu ft. 

The first lot of baled hay was cured in the swine farm 
barn in August, 1945. This barn was equipped with a Louden 
pretabricated metal duct system with tapered ducts as shown 
in Fig. 1. Air was supplied ‘by an engine-driven, axial-flow 
fan rated to deliver about 14,000 cfm, or 20 cfm per sq ft of 
floor. Air flow was not measured. This lot of hay was sec- 
ond-cutting alfalfa containing an average of 24.5 per cent 
moisture. Bales were laid on edge with spacing of about 2 in 
between bales. Each layer of bales was laid crossways 6f the 
layer below. The barn was filled to a depth of six layers of 
bales, or about 9 ft. 

The fan was operated 71.6 hr to finish curing. The hay 
was cured without any heat or mold damage and was of good 
color and quality with most of the leaves retained. While this 
hay was not very high in moisture content, it was thought 
that some damage would have resulted if it had been placed 
in a barn without forced ventilation. The principal advan- 
tages of barn curing were as follows: (1) More leaves were 
retained than if the hay had been fully cured in the field, 
and (2) baling could be started earlier in the day, thus per- 
mitting a longer working day for the crew. 

In 1946 one lot of baled hay was cured in the swine farm 
barn and two lots in the horse barn. The lot cured in the 
swine farm barn had about the same initial moisture content 
and cured to about the same quality as in the 1945 test. 


This paper was presented at the 3rd Barn Hay-Curing Conference 
sponsored by the American Society of Agricultural Engineers, at Chi- 
cago, Ill., December, 1946. Approved for publication as Journal Paper 
No. J-1419, Project No. 922, Iowa Agricultural Experiment Station. 


C. K. SHEDD is agricultural engineer (BPISAE), U. S. Department 
of Agriculture, and E. L. BARGER is professor of agricultural engineer- 
ing, lowa State College. 
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' Plan and section views of Louden prefabricated metal duct sys- 
tem used in Iowa State College baled hay curing observations 


MEMBER A.S.A.E. 


The horse barn was equipped with a Louden prefabri- 
cated metal duct system as shown in Fig. 2. Air was supplied 
by a 48-in, axial-flow fan driven by a 7.5-hp electric motor 
which supplied about i5 cfm per sq ft of floor. 

The first lot of baled hay cured in the horse barn was 31 
tons of first-cutting alfalfa containing about 25 per cent 
moisture in the lower part and 21 per cent moisture in the 
upper part of the hay as placed in the barn. The haymow 
was filled on June 22 to 24, 1946, to a depth of five layers of 
bales or about 7.5 ft, using the same method of stacking bales 
as explained above. 

The fan was operated 150 hr. The hay was cured to about 
12 per cent moisture and was green and leafy with no heat 
or mold damage. 

The second lot cured in this barn was second cutting con- 
taining between 25 and 30 per cent moisture. The haymow 
was filled on August 8 to a depth of about 7 ft. The bales 
were not carefully stacked as in previous tests. Bales in the 
central part of the haymow were left where they were drop- 
ped by the fork. Only enough hand work was done to keep 
the surface of the pile of bales approximately level. The fan 
was operated 136hr. The bulk of this hay cured to good 
quality, but there were a number of bales in top layers that 
developed temperatures above 100F. Bales observed to be 
heating were opened and spread out and then cured without 
further heating. This hay did not cure to uniform moisture 
content in the field because of uneven thickness of swath and 
size of windrows in different parts of the field. The bales that 
developed high temperatures no doubt had higher than aver- 
age moisture content. 

Two lots of hay were cured in a drying bin in the agri- 
cultural engineering laboratory where more detailed observa- 
tions were made than in the barns. This bin is 7 ft, 3 in 
square and 12 ft high above the false floor. The false floor is 
made of 1x4-in boards set on edge and spaced 34 in apart. A 
plenum chamber under the false floor is 2 ft deep. 

Bales were stacked in this bin by the same method as de- 
scribed above for the first lot in the swine farm barn. There 
were ten bales in each layer. Thermocouples for measuring 
temperature were placed in the centers of two bales in each 
layer and these bales were weighed when placed in the bin and 
weighed and sampled when removed. 
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The first lot of baled hay cured in this bin was mixed red. 


clover-timothy-sweet clover hay baled and placed in the bin 
on July 10, 1946. 

Temperatures in the centers of bales immediately after 
filling the bin ranged from 82 to 104F and remained close 
to this range during the following day when the fan was not 
operated. The fan was started on the morning of July 12 and 
operated continuously for 94.75 hr. After the fan was started, 
temperatures in the centers of bales dropped below entering 
air temperature within 30 min. In the first part of the drying 
period, temperatures in bales in the bottom layer were about 
10 deg below and in the top layer about 3 deg below entering 
air temperature. Near the end of the drying period, tempera- 
tures in the bottom layer were the same as entering air tem- 
perture and in the top layer, 5 deg lower. 

Hay was removed from this bin on July 16. All bales 
cured without heat or mold damage. Data on bales in the 
top and bottom layers are given in Table 1. 


TABLE 1. WEIGHTS AND MOISTURE CONTENTS OF MIXED 
CLOVER-TIMOTHY HAY CURED IN DRYING BIN 
JULY 10 TO 16, 1946 


Weight, Ib Moisture, per cent 
Calculated 
Bale Layer Initial Final Final initial 
1 Bottom 59.53 51.86 8.0 27.6 
a ? 54.68 46.75 9.6 28.4 
11 Top 52.70 50.99 9.5 19.8 
12 e 56.22 53.55 11.0 22.0 


The second lot of hay cured in this bin was second cutting 
alfalfa, baled and placed in the bin on July 18, 1946. Bales 
were stacked by the same method as before to a depth of 
seven layers, or about 10.5 ft. The calculated average initial 
moisture content was 33.3 per cent and the range in differ- 
ent bales from 22.5 to 45.0 per cent. The initial moisture 
content was calculated from the final moisture content and 
loss of weight during drying, assuming that weight lost was 
moisture. Obviously this method of calculation gives higher 
initial moisture content than actually was present in case of 
bales where there was any heat or mold damage. 

On account of the high moisture content of this lot of 
hay, a high rate of air flow was used. The rate during the 
first 88 hr was 29 cfm per sq ft of floor. The rate was in- 
creased then to 50 cfm per sq ft of floor because it was evi- 
dent that bales in the top layers were not curing satisfactorily. 
It is questionable if the drying rate was improved materially. 
by this high rate of air flow. The fan was operated continu- 
ously for the first 134 hr, then from 3 to 7 hr per day, in day- 
time, for 29 hr. 

Temperatures in the centers of bales immediately after 
filling the bin and before starting the fan were from 106 to 
122F, showing that some heating had started in all bales. 
One-half hour after starting the fan, temperatures in the cen- 
ters of bales in the bottom layer had dropped to 92 and 93F, 
with entering air temperature of 94F, but bales in the fifth 
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and sixth layers were still 99 to 120F. During the early port 
of the drying period after the first day, temperatures in bales 
were from 5 to 10 deg below entering air temperature, ind 
there was little difference between temperatures in top and 
bottom layers. When the fan was turned off over night on 
July 24, temperatures increased from 68-75 F to 101-107F in 
the fifth and sixth layers, after these bales had been held below 
86 F for five days with the fan running. 

An observation of rate of temperature drop in bales was 
made on the morning of July 26 after the fan had been tured 
off overnight. The temperature in the center of bale No. 11 
in the sixth layer was 70F when the fan was turned of! on 
July 25. The next morning the temperature had increase: to 
103F. After starting the fan, the temperature in the center 
of this bale dropped to 96F in 10 min, to 89F in 20 min, to 
82F in 30min, and to 72F in 3 hr, when the entering air 
temperature was 77F. 

Data on individual bales in this lot of hay are recorded in 
Table 2. 

Observations in these studies were not as extensive nor in 
as much detail as would be desired. The practices carried out 
in the two barns were designed to produce good hay rather 
than to produce good experimental results. However, some 
conclusions are indicated, if not proven. 

The method of stacking bales by laying them on edge with 
2 or 3 in air space beween them and each layer of bales placed 
crosswise of the layer below produced satisfactory results with 
hay under 30 per cent moisture. Some difficulty was experi- 
enced in curing hay containing more than 30 per cent moisture, 
but 30 per cent has not been definitely established as a mois- 
ture limit. The limit would no doubt vary with depth of hay. 

No measurement was made of the proportion of air going 
through the bale. It may be assumed that most of the air flow 
was around rather than through the bales. However, the 
rapidity of temperature drop in a hot bale when subjected to 
air flow indicates that drying was effective by diffusion, if not 
by conduction, through the bale. 

Resistance of baled hay to air flow was not studied com- 
prehensively. The static pressures measured under baled hay 
in the 1946 tests were materially lower than under equivalent 
depths of loose hay the previous year. For example, in curing 
the first lot (7.5-ft depth) of baled alfalfa hay in the horse 
barn in 1946, air pressure of 0.08 in was measured at the floor. 
In curing 7-ft depth of loose alfalfa hay the previous year, the 
air pressure at the floor was 0.22 in. Resistance would, of 
course, depend upon the spacing allowed in stacking the bales. 

In 1942, some observations were made of storage without 
forced ventilation of alfalfa baled at different moisture con- 
tents and at different density of bales. Bales were stacked 
under a shed open on all sides. 

Hay baled at normal density of 11 to 12 lb per cu ft and 
16 per cent moisture stored without any damage except some 
loss of green color in solid bulk piles with bales laid either 
on side or on edge. There must (Continued on page 20) 


TABLE 2. DATA ON BALED HAY DRIED IN BIN IN AGRICULTURAL ENGINEERING LABORATORY 
July 18 to 29, 1946 


Calcu!sted 
Bale Weight, Ib Moisture, Samples, August 27, 1946 initia! 
No. Layer 7-18 8-27 per cent Description Color Odor moisture % 
1 1 54.42 45.82 8.0 Alfalfa Bright green Normal 22.4 
2 1 62.56 44.36 9.0 , “oe " 35." 
3 2 56.83 46.18 9.0 = ‘i 26 
4 2 64.80 51.71 8.0 *_ E 26.¢ 
5 3 53.34 40.51 7.3 " _ 29.7 
6 3 56.33 41.81 2S 3 + , 33.1 
7 4 58.32 43.31 8.5 i i ny 31.8 
8 a 59.88 44.15 8.5 fi iy 24 2.4 
9 5 66.45 48.48 9.5 Alfalfa and 14 grass and alsike Brown to grey green Musty 34. 
10 5 70.17 44.74 9.5 Alfalfa plus little grass Brown to grey green i 42.2 
11 6 65.24 39.41 9.0 Alfalfa (very dusty) Light brown to grey green 45.0 
12 6 62.04 40.29 ae Alfalfa Grey green 39.8 


z¥ 


| 
| 
| 


AGR 


ie ee Apieieark 0 
TMi so Rama ae ROSE? SOR e pete Js cast SE Ree) Seer tenet Cee earn CR De RST Ae eae Sy, reer TEMES Sea ae EN a dalies ra. . eet 
4 ie Pee, | Seen Lr meaerme Z ee Ee ee ee ESE? hee TS 2b Sia ppd) ag Z pa perc: Dh i ys ea 2 8 De i — s Rey Eee Bec 
eee a rs PNRM 7550 oS Se aS a So Re Sat oe i . ee o aa e Be Ae See: on 
isp : | Be ge? Lo Ne emer eR gs oa rrr Te ee agate eee OS a rr a far Stee 
met Es —_ . ——— , . | 
ee, : 
me 
BY ‘ 
Ae: : | 
ae ; L 
ate ; 
a w! 
RSs. bee 
sigey ; in 
Cae: oS 
pe om in: 
Gee. ; pr ; 
F ver 
‘ 
t tut 
| 5 it 
ed 
> : res 
| : pa 
Po : ail 
ee : er: 
: tal 
sie y 
: ga 
: : bu 
Ca 
Bao acts 
eon . : H 
ray a 
set getey & m 
gris a A ec 
aca a ] Ww 
care de 
aes 7 
Lege ba : 
{Sean : ss 
RS ok OS rae { 
ee ee 4 s 
ae 
= Seghee is 
Se ste ee . 
eas ’ 
fet : 
ie acay. j A 
Jeers 
agree : 
oa : 
eae 4 
> eae 
i ie 
a 
ee 
i4 
bat ed 
“ oy q 
ees 
ne 
ieee 
ee re 
at ' 
pee Seta | 
Peete 
fect ta 
See 
eee 
Baie. Slit 
i ee 
Beri: 
PeKk aay 
aes 
itt “ant 
me 
a ee 
Ee ate aioe 
RS 
i: oe : . of he Bey ce ae 
, gen Pe Ne ee i Nie eee : eo agente oy oer oe OSE ety eee ge Re pas a eae 
OAS SSO o iteeees Aa Me dre Lesage 2c ee ee: 4 he eee tee cee ae eo) ote. eaten SARS v rc 
7 eo Sik Smee CEOS NRE pee oR Be ant nS Pes Pe. ee AMS Seams Ci, ae 2 iar: A oy ee ee Ss Prt “Eas 
Bee eds rem Sie RRS, oe) ae RRR es, Sates ae means a ail Be oe mat ai e - ide a > sige es eT i Sal 
: viet ie (oie y cemey  o-: oe ea . . : q : te s ~ ite 2 wi 5 ‘ ‘ 
ff ree — ON EE ee oy = jae 


ed in 


or in 
1 out 
ather 
some 


with 
laced 
with 
‘peri- 
ture, 
Nois- 
hay. 
JOIN 
flow 
, the 
ed to 
f not 


com- 
| hay 
alent 
uring 
horse 
floor. 
r, the 
d, of 
yales. 
thout 
con- 
icked 


AGRICULTURAL ENGINEERING for June 1947 


259 


Air Flow through Baled Hay 


By A. T. Hendrix 


MEMBER A.S.A.E. 


rN FFORTS have been made in widely separated sections of 

-{ the country to dry tough baled hay by forced ventila- 

4 tion. Some successful results have been reported even 
when the initial moisture content of the bales was high. It has 
been considered generally desirable to permit the hay to dry 
in the field to 30 or 35 per cent moisture content before bal- 
ing, and then bale the hay as loosely as is consistent with good 
prictice and ease of handling. When placed on a forced 
ventilation drier, such bales, as well as those of higher mois- 
ture content, have been successfully dried for safe storage. 
It has not been known, however, what factor or factors effect- 
ed the satisfactory drying of hay in bales. Recent experimental 
results indicate that the respiratory heat of the hay would 
partially effect drying of the bale with a minimum volume of 
air ow through and about the bale to carry away the gen- 
erated heat and evaporated moisture. 

There has been some question as to the possibility of ob- 
taining any appreciable air flow through bales. Some investi- 
gators have reported adequate rate of flow to effect drying, 
but the actual rate of flow through the bale has not been indi- 
cated. , 

Experimental Equipment and Procedure. In an effort. to 
measure the rate of air flow through bales, the experimental 
equipment shown in Fig. 1, and diagrammatically in Fig. 2, 
was constructed. The fan used for the test was capable of 
delivering an adequate volume of air at several inches of static 
pressure. The fan was driven by an electric motor through 
a variable-speed drive so that any desired static pressure and 


This paper was presented at the 3rd Barn Hay-Curing Conference 
sponsored by the American Society of Agricultural Engineers at Chi- 
cago, Ill., December, 1946. 

A. T. HENDRIX, agricultural engineering division, Tennessee Valley 
Authority. 


= INCLINED 
MANOMETER 


| (Top) Experimental installation to measure the rate of air flow 


mental equipment shown in Fig. 1 


hrough baled hay e Fig. 2 (Bottom) Diagrammatical sketch of experi- 


air flow could be obtained. Inclined manometers were in- 
stalled, as indicated by Fig. 2, to determine effective pressure 
drop through the bale, and also to indicate the effective pres- 
sure on the discharge orifice, which was a sharp-edged circular 
orifice four inches in diameter. Volume of air flow through 
the bale was calculated by orifice formula and was checked 
by anemometer. 

Alfalfa hay, with a small amount of grass, was cut in the 
early bloom stage. This hay was of short growth and small 
stems. It was allowed to dry in the field until considered 
satisfactory for baling, and was then baled by a pickup baler, 
wire tied, and taken to the laboratory for test the same day 
as cut. The hay was of 31 per cent moisture content as 
sampled. 

In the laboratory each bale tested was sealed around the 
outer edges by immersing each edge in melted paraffin and 
allowing the paraffin to congeal before removing the bale. 
The bale was then placed in the box, as indicated by Fig. 2, 
and melted paraffin was poured around the outside of the wax 
seal, thus eliminating any possibility of air leakage past the 
outside of the bale. All air discharged from the orifice passed 
through the exposed net area of the bale. 


Results. Test results of air flow through baled hay of two 
densities are indicated by Fig. 3. Rates of air flow are shown 
both at the start of the test and after the hay had been dried 
to the moisture content shown. As the hay was dried the over- 
all size of the bale was not changed; therefore, the results in- 
dicated would not be the same as would be experienced if 
bales were subject to compression and size shrinkage as in a 
stack or mow. 

During test it was observed that air flow through a bale 
when placed in this position relative to air flow was not at 
all uniform. A considerably greater rate of flow was obtained 
through one-half the bale than was obtained through the other 
half. The proportion varied to a considerable extent, depend- 
ing upon the relative tightness and resultant density of the 
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Fig. 3 This graph shows the test results of air flow through baled hay 
of two densities 
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different portions of the bale. Under some conditions of field 
baling considerable variation in density within the bale may 
be experienced. Because of this variation in density within 
the bale it was considered desirable to place bales on edge in- 
stead of on the side when stacking them in the mow for dry- 
ing by forced ventilation. 

From Fig. 3 it may be noted that, as the hay was dried 
and consequently decreased in density, the value of » in the 
equation Q = CP" tended to change in value toward that 
previously obtained in air flow through loose hay of lesser 
density than that of the bales tested. 


CONCLUSIONS 

An appreciable air flow is effected through baled hay at 
low static pressure, and the rate of flow is increased as effec- 
tive pressure is increased in accordance with the general equa- 
tion of air flow through hay as determined by previous ex- 
periments. If not baled too tightly, and if placed properly in 
the mow, bales should dry satisfactorily by means of avail- 
able heat of respiration and other sources, together with the 
drying effect of the actual flow of air through the bale. To 
reduce losses and mold to a minimum the bales should be 
dried as rapidly as is economically practical. 


Agricultural Engineering in Comparison 
(Continued from page 231) 


In bachelor’s degrees we were slightly above the engi- 
neering group average. Other education, presumably ex- 
perience and individual study, accounted for only 13+ per 
cent of the agricultural engineers, in contrast to 24+ per 
cent of all engineers. This suggests recognition of the pro- 
fessional courses in agriculural engineering as generally 
the logical approach to an agricultural engineering career. 
The manner of accounting for professional engineering de- 
grees in the tables was not evident. 


We are not in a position to say at this time that there is 
any great personal advantage in being included on the 
Roster. In another national emergency it might be of con- 
siderable advantage to any individual who feels that he 
would be most useful in any particular specialized field of 
technical or professional work. It does appear that at 
present there would be a definite advantage to agricultural 
engineers as a group in having a larger percentage of the 
group included, so that the figures might more nearly repre- 
sent its actual strength and importance. 


Left: No forms are needed when precast unit floors are used. Big plank-like units, usually cored, are hoisted up and wheeled into place. 
the floor is placed it is covered with a portland cement grout. The grout runs down between the units, bonding them tightly together. 7 cre 
are numerous types of precast floors manufactured. The underside is smooth and can be plastered or painted e Right: Concrete joists are used 


Curing Baled Hay 
(Continued from page 258) 


have been some aeration in these solid bulk piles, as shown by 
the fact that a bale fully wrapped in Sisalkraft became mo! dy. 
Also, a bale with the same moisture content but baled at jiigh 
compression of 16 lb per cu ft became moldy even though it 
was fully exposed as an individual bale in a ventilated buil« ing. 

Two small lots were baled with an average of 26.4 per 
cent moisture. One lot was baled at normal density of 1: to 
12 lb per cu ft and the other at high density of 15 to 16 lb 
per cu ft. Both were stacked with bales laid on side, with 
about 6 inches space for aeration at edges and ends of bxles, 
Bales of normal density cured satisfactorily but bales of |igh 
density became moldy. 

There were no unusual storms nor any protracted periods 
of cloudy weather during any of the periods when these ob- 
servations were made on curing baled hay. In 1942 when 
observations were made on curing without forced ventilation, 
temperatures were normal for three weeks after the hay was 
placed in storage on August 10. In the 1945 and 1946 tests 
with forced ventilation, average temperatures were norma! in 
one period, 4F above normal in one period, and from 1 to 4F 
below normal in the other four periods. Departures from 
normal weather conditions are not thought to have caused any 
unusually good or bad results in curing the hay. 


Some Thoughts on Farm Ponds 


HE following paragraph is quoted from a letter from one 

agricultural engineer to another, both of whom have had 
quite extensive experience with farm ponds: 

“We have been giving quite a bit of thought to ponds of 
a larger size and for other purposes than those now being con- 
structed. On some soils we think it may be possible to use 
them for supplemental irrigation. Such usage would require 
that they be placed on larger drainage areas than those now 
recommended. It would also necessitate some sort of mechan- 
ically controlled outlet. I believe our greatest need is for re- 
search on the subject of supply, use, requirements, design of 
outlets, and distribution systems in upland areas. Also, we 
would like to know if it would be workable or feasible to 
build a pond having a surface area of, say, 3 to 5 acres on a 
30 to 60-acre drainage area and use it for the multiple pur- 
poses of recreation, fish production, livestock water supply, 
supplemental irrigation, and water flow retardation.” 


in the same manner as wood joists — spanning from supporting beam to supporting beam or from bearing wall to supporting beam 
(Photo courtesy of Portland Cement Association) 
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RESEARCH NOTES 


A.S.A.E. members and friends are invited to supply, for pub- 
ication under this heading, brief news notes and reports on 
research activities of special agricultural engineering interest, 
whether of federal or state agencies or of manufacturing and ser- 
vice organizations. This may include announcements of new pro- 
eets, concise progress reports giving new and timely data, etc. 
Address: Editor, AGRICULTURAL ENGINEERING, St. Joseph, Mich. 
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TWO NEW FARMHOUSE BULLETINS 


MING off the press this month is the first in the USDA “Your 

Farmhouse” series of publications, which is planned to include 18 
buliccins helpful to farm families in improving their housing whether 
by new construction or by repairing, remodeling, and modernizing. The 
first of these bulletins is Miscellaneous Publication 622, “Your Farm- 
house: Cutouts To Help Planning.” It is a joint publication of the 
» of Human Nutrition and Home Economics, the Extension Serv- 
ice, and USDA agricultural engineers. 

Concerned with developing skill in planning, the bulletin provides 
cutouts of house furniture and equipment and a scale card with which 
cutouts of rooms can be made to the same scale of 14 in equals 1 ft. A 
a planning to build a new house can select or develop a plan 
suitable to their needs, make a cutout for each room, and determine 
quickly whether the furniture and equipment they have or plan to get 
can be arranged satisfactorily. Dimensioning is carefully done and cut- 
outs for a large selection of furniture in different sizes are given. Also 
included are cutouts for rugs, clothes closet hanger space, stairs, chim- 
neys and fireplaces, windows, and doors. 

In planning for remodeling the farm family starts with a cut- 
out scale plan of the house as it is. Ideas for changes in number, size, 
and location of rooms are developed in small freehand sketches and 
selected ones cut out to scale and tested with the furniture. The bulle- 
tin provides a check list to help the prospective builders or remodelers 
decide whether they are satisfying their most important requirements. 
With the help of county agents and home demonstration agents, use of 
this very practical bulletin should make farm home building less hap- 
hazard and take out much of the guesswork. 

The second bulletin in this series, Miscellaneous Publication 619, 
“Your Farmhouse: How To Plan Remodeling,” should be available 
early in July. Prepared jointly by architects of the Division of Farm 
Buildings and Rural Housing (BPISAE) and specialists of the Housing 
and Household Equipment Division (BHNHE), it tells how an actual 
Wisconsin farmhouse was remodeled by the owners in cooperation with 
the USDA and University of Wisconsin. 

Both publications will be for sale by the Superintendent of Docu- 
ments. The price of “Cutouts To Help in Planning” has been set at 
25 cents and of “How To Plan Remodeling’ at 15 cents. 
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CASELESS PADDLE-WHEEL FAN 


C. F. Kelly, enginer, Division of Farm Buildings and Rural Hous- 
ing, USDA, has developed a fan for use in corn drying which can be 
built in the farm shop or by the country blacksmith. 

Of three fans which Kelly constructed and tested in the agricultural 
engineering laboratory at Iowa State College, the caseless paddle-wheel 
fan proved most satisfactory in several respects. It is easiest to con- 
struct with limited equipment. Less difficulty is encountered in bal- 
ancing the paddle-wheel fan than the disk fans, because the paddle- 
wheel is lighter in weight and operates at a lower speed for a given 
power input. Furthermore, with a given amount of corn the paddle- 
wheel fan becomes more efficient and disk fans less efficient as the depth 
of corn is increased. 

The USDA paddle-wheel or straight radial-blade-type fan differs 
from the typical commercial centrifugal fan ordinarily used for corn 
drying in that it has no case and the blades or paddles are flexible. 
When the fan is installed in the driveway of a double crib (or any 
other large enclosed room) with the fan inlet extending out into the 
open air, the driveway acts as a plenum chamber. A static pressure 
useful for forcing air out horizontally through the corn can thus be 
built up without the use of a fan casing. 

The fan's six flexible blades are made of canvas belting. Centrifugal 
force causes them to extend radially as soon as rotation starts. With 
the blades extended, the fan is 36 in in diameter. Six spokes of 34-in 
cold rolled steel, 9 in long, are welded to a central hub 6 in in diam- 
eter. To the end of each spoke a T of %-in cold rolled steel, 6 in 
long, is welded parallel to the fan shaft. The fan blades, each 6x9 in 
are attached to the T by means of sheet-iron straps and stove bolts. 
Two pieces of Y4-in plywood 3 ft square, one on each side of the fan 
and spaced 4 in from the blades, are used to confine the air to the 
spaces between the blades. One plywood piece has a small hole for 
the shaft only and the other has a center hole 17 in in diameter which 
acts as an air inlet. 


PLANS FOR LIGHT TRAP RESEARCH 


The use of radiant energy to attract female corn borer moths to 
traps where they can be destroyed before ovipositing is a possible means 
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of preventing damage to early and late planted sweet corn and hybrid 
seed corn. This type of control will operate irrespective of the weather. 
As mentioned in “Research Notes” in a previous issue, the USDA Farm 
Electrification Division is cooperating with the Purdue Agricultural Ex- 
periment Station in pursuing research on light traps for corn borer con- 
trol. USDA ag engineer on the project is John G. Taylor. 

This year's laboratory studies are limited primarily to the deter- 
mination of the relative attractiveness of different wavelengths of 
radiant energy. Moths are to be liberated in a darkened room which 
has two or more regions containing radiant energy of different wave- 
lengths transmitted from a spectrograph. 

Field studies will test seven sources of radiant energy at wave 
lengths varying from 2,537 to 5,780 A (Angstrom units). Traps will 
be mounted horizontally at approximately 70-ft intervals along the side 
of a field, their height kept just above the level of the corn. Electrical 
energy for the traps will be supplied by a mobile 15-kw motor gen- 
erator. Objectives of future studies will include determination of most 
effective intensities of radiation and design of new types of electric 
traps. 

The importance of these investigations in Indiana is emphasized by 
official surveys of European corn borer damage in 1946. Spread of the 
insect into 45 new counties and two new states (North and South 
Dakota) is recorded, and loss for the country is estimated at $28,- 
741,000. 


CHALLENGING ENGINEERING QUESTIONS 


Agriculture in these postwar years is faced with many challenging 
questions. In the field of research many of these are in agricultural 
engineering. On April 30, A. W. Turner, assistant chief in charge of 
agricultural engineering research in the USDA, presented a number of 
such questions to a group of 50 radio farm directors (““RFD's’’) who 
visited the Agricultural Research Center at Beltsville. The group, key 
men in broadcasting agricultural information over the nation’s radio 
stations, spent two days in the Department of Agriculture. Following 
are some of the questions asked by Mr. Turner: 

What new equipment and changes in methods are needed for har- 
vesting and curing hay? Dairy nutrition specialists say enough protein 
is now lost in handling hay to meet the requirements of 714 million 
cows for six months. Replacement of awkward, inefficient, and anti- 
quated methods in haying is largely an engineering problem. 

What are the economic factors involved in production and fabrica- 
tion of new fiber crops, such as ramie, sansevieria, and others, on an 
industry basis? The present world shortage of fibers, especially serious 
in this country, indicates the pressing need to accelerate research. 

Can the potentiometer be used to determine seed viability and growth 
characteristics? Some experiments have shown rather startling results, 
indicating that the poteniometer may have untold value to plant 
breeders. 

How much does the producer pay for inefficiency in farm processing 
plants and small industries handling farm products, and what can en- 
gineering do to reduce costs? Output per worker varies as much as 
25 per cent in creameries, 800 per cent in milk marketing, and 65 per 
cent in poultry processing plants. 

What do we need to know about housing farm animals to lower 
costs of production? More attention needs to be given to conditions 
for production within the farm buiidings and for proper design; engi- 
neers need scientific data on the heat and moisture production of the 
various kinds of animals in order to provide the right environment for 
high production and to protect the structures themselves from damage 
by decay and other ravages of time. 

What are the possibilities in the use of bactericidal, erythemal, and 
infrared energy in agriculture? Preliminary explorations have already 
indicated a tremendous need for research in this field of electric radia- 
tion. 

How valuable is labor done in and about farm buildings caring for 
crops and livestock and what can engineering do to reduce both time 
and motion in these operations? In dairying, for example, and in pro- 
ducing poultry and eggs, up to 80 per cent of the labor time is spent 
in the buildings. 

On May 12 to 13 the American Agricultural Editors Association 

also met in Washington for a program particularly broad in scope 
which included a meeting with the U. S. Atomic Energy Commission. 
Among the subjects discussed by government scientists were radio active 
phosphorus research, animal housing research, and new products from 
USDA chemical laboratories. 


TOBACCO CURING EXPERIMENTS 


Devoted to research in the curing, handling, and marketing of 
bright-leaf tobacco, a new laboratory under construction by the North 
Carolina Agricultural Experiment Station at its tobacco branch station 
at Oxford will be headquarters for the cooperative regional project 
under the direction of Dr. O. A. Brown, USDA agricultural engineer. 
The regional project includes work in North Carolina, South Carolina, 
Virginia, Georgia, and Florida. Funds for the new building—estimated 
to cost $25,000—were appropriated by the 1947 North Carolina Legis- 
lature. (Continued on page 272) 
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Dairy Housing Conference in July 


Dairy Housing Conference, sponsored by the Farm Structures Di- 

vision of the American Society of Agricultural Engineers will be 
held at the Hotel Loraine, Madison, Wis., July 22 to 24. The program 
of the Conference is being arranged by a committee consisting of S. A. 
Witzel (chairman), F. J. Reynolds, W. F. Keepers, A. R. Schwantes, 
and R. A. Glaze. 

All program sessions will be held at the Hotel Loraine. The regis- 
tration fee for the Conference will be $5.00 per person, except that 
students in agricultural engineering will be charged $3.00 each. In ad- 
dition to accommodations at the Hotel Loraine, housing facilities for 
students and others who desire them will be available at the University 
of Wisconsin short-course dormitory, at a price of $3.00 per person for 
the three-day period. 

The program for the forenoon of the first day, Tuesday, July 22, 
will deal with the general subject of dairy production. It will be opened 
with a paper on why it is essential to produce clean milk on the farm 
by Leonard Male of the U. S. Public Health Service. Dr. L. K. Riggs, 
Kraft Food Co., will then discuss how much more clean milk is worth 
to the dairy products industry, and he will be followed by Harvey 
Weavers, chief of the dairy division of the Wisconsin Department of 
Agriculture, who will discuss how structures and barn equipment con- 
tribute to clean milk production. The last subject on the program of 
this session will be on the efficient production of clean milk. Tom 
Raine, a Minnesota dairy farmer, will discuss the subject with respect 
to the pen barn, and arrangements are being made for another dairy- 
man to discuss it from the viewpoint of the stanchion barn. 

The program for the afternoon session of July 22 will be devoted 
to the general subject of research in dairy housing. It will open with 
a talk by J. R. McCalmont, agricultural engineer, U. S. Department of 
Agriculture, on the USDA psychroenergetic laboratory at Columbia, Mo. 
Following this E. E. Heizer, chairman, dairy husbandry department, and 
S. A. Witzel, professor of agricultural engineering, University of Wis- 
consin, will discuss, respectively, the animal husbandry and engineering 
phases of the University of Wisconsin dairy barn research project. An- 
other paper of this session will be presented by Wallace Ashby, agri- 
cultural engineer, U. S. Department of Agriculture, on the functional 
requirements of a dairy barn, and he will be followed by Thayer 
Cleaver, another USDA ag engineer, who will discuss chore route 
studies. 

For the evening session, arrangements have been made for showing 
three interesting motion pictures to be loaned for the occasion by Fox 
River Tractor Co., Portland Cement Association, and International Har- 
vester Co. 

The program for the forenoon session of Wednesday, July 23, will 
be built around the general subject of tools and methods for dairy 
housing construction. Under the title ‘‘Material and Buildings’, R. A. 
Glaze, Weyerhaeuser Sales Co., will discuss lumber; E. D. Anderson, 
Republic Steel Corp., will talk on steel; W. G. Kaiser, Portland Cement 
Assn., will talk about cement; J. M. Anderson, Structural Clay Prod- 
ucts Institute, will talk about brick and tile, and J. L. Strahan, Asphalt 
Roofing Industry Bureau, will discuss asphalt products. 
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A.S.A.E. Meetings Calendar 


June 23 to 25—ANNUAL MEETING, Benjamin Franklin Hotel, 
Philadelphia. 


July 22 to 24— Dairy Housing Conference, Hotel Loraine 
Madison, Wis. 

October 23 and 24— Pacific Northwest Section, Davenpo:t 
Hotel, Spokane, Wash. 


December 15 to 17—FALL MEETING, Stevens Hotel, Chicago. 


—== 
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The second subject on this program is that of insulation, a speaker 
for which is yet to be selected. R. W. Louden, Louden Machinery Co, 
will talk on what the barn equipment industry offers the farmer for 
more efficient dairy production, and three speakers will discuss vcatilat- § 
ing equipment for dairy barns — A. E. Waterman, James Mfz. Co.: 


A. R. Schwantes, formerly of the Insulite Division, M. & O. Paper Co., 
and R. G. Ferris, Starline, Inc. ‘ 
The afternoon of July 23 will be devoted to a tour by bus of sev- sg 
eral outstanding dairy housing installations in the vicinity of Madison, 
including the University of Wisconsin dairy barn research project, the 
Dane County Farm barn, the famous Pet Milk plant at New Glarus, 
and the Dorsey Segner and John Haldiman farms at Monroe, Wis. Fol- I 
lowing the tour, arrangements are being made for the group to have 
dinner in the evening at Turner Hall, in Monroe, where it is expected 
they will be addressed by W. D. James, president of the James Mfg. Co. 

The last session of the meeting, on Thursday forenoon, July 24, will 
be devoted to two round tables on the functional requirements of two 
types of dairy structures —the stanchion barn and the loose housing 
barn with milking parlor. W. Floyd Keepers, secretary, Barn Equip- 
ment Association, will act as moderator for the round table on the 
stanchion barn, with R. W. Louden, Louden Machinery Co.; Wallace 
Ashby, USDA, and N. N. Allen, University of Wisconsin, as the prin- 
cipal speakers. 

Cameron Hervey, assistant editor of “Farm Journal’’, will act as 
moderator of the round table on the loose housing barn with milking 
parlor, with Tom Raine, Minnesota farmer; B. G. Perkins, Doane Agri- 
cultural Service, and George Barrett, University of Wisconsin, as the 
principal speakers. 


Gallagher New Michigan Section Chairman 


T THE first annual meeting of the Michigan Area Section of the 
American Society of Agricultural Engineers, held in Detroit, May 

17, Herman J. Gallagher, farm service supervisor, Consumers Power 
Company, was elected the new chairman of the Section, succeeding H. 
E. Pinches. Also elected were three vice-chairmen; Dan W. Guy, agti- 
cultural engineer, Ethyl Corp.; Chris Nyberg, chief engineer, Battle 
Creek Works, The Oliver Corp.; and D. E. Wiant, professor of agti- 
cultural engineering, Michigan State College. Frank W. Peikert, pro- 
fessor of agricultural engineering, Michigan State College, was clected 
secretary-treasurer, and the Nominating (Continued on pace 266) 
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EASIER CHORES S a's 
BETTER pate a 


April 17, 


ow\to PROVE It 


Would you like some help in con- 
vincing farm families that a plenti- 
ful supply of running water under 
pressure is a basic requirement for 
the modern farm? As part of its 
newest farm electrification pro- 
gram, More Power to the American 
Farmer, General Electric offers 
“Running Water on the Farm’’, a 
full-color, sound motion picture. 
This film explains to the farmer the 
need for an automatic, electric 
water system on his farm—tells 
him in an interesting and convinc- 
ing manner about the greater com- 
fort and convenience in home life— 
about the more profitable farm op- 
erating methods made possible by 
the installation of an economical 
and easily maintained electric 
water-pumping system. 


This film, designed to be featured 
at farm meetings all over the 
country, is accompanied by a hand- 
out booklet, ‘“Running Water—the 
Farm Necessity” for distribution to 
each interested farmer. This book- 
let contains a summary of the film’s 
important points, and other helpful 
information to guide the farmer in 
his steps toward obtaining running 
water on his farm on an adequate 
basis. Finally, such meetings pro- 
vide excellent opportunities for the 
further exchange of ideas and in- 


problems. 


This film has a large potential 
audience. Only about 30% of the 
nation’s farms has electric water 
pumps. And less than 10% makes 
full use of running water. To bring 
these instructive programs to the 
largest possible number of farmers, 
your General Electric Farm and 
Home Dealer or distributor invites 
your active participation in setting 
up these meetings in your com- 
munity. See him today—he will 
welcome your help and your sug- 
gestions. And, if you would like an 
advance copy of the booklet accom- 
panying the film, send in the coupon 
below. Farm Industry Division, 
Te Electric Co., Schenectady 


MORE POULTR RY PROFIT. 


Farm Industry Division 
Section A669-49 
General Electric Co. 
Schenectady 5, N. Y. 


Please send me copy of GES-3391, 
“Running Water—The Farm Necessity.” 


I eaten 


eee oe en ne at 


a ies eo Ul a fee cemee) ae 5; eee ae 
be eh in tn ~~ | eae | aa % rae i oh the ~ ale fee 1 7 7% eat eg oe 2 Be : : 
‘ 
i 
' . fo ~~ ae -— ¢f rm 
PaaS Fy | ydert 
| * aa > is * ie : 
—~_ ee le m © 
t ¢ ay HI\\\ 
-. = i i \ae formation on this and related farm 
- £w — | Pe 
pea a - Rhee somali S, Fee a A 
———_ i a ae : eee ; 4 
uaa: =: F —— A. Ae \ 
| MORE EASE... iN / 
” a | a, | 
| CF ees =e | \ \ & 
Fc _—: 4a -s 
oS. i 34h, §6f ind 
Be farce > BRR 
' .- —_ = 
=<. Sa ee 
{ 3 P a ane: 
Bee i Re ot ae 
BETTER HEALTH... 
: — Y : 
‘ ow \ \A4 : 
aS ; \ 
é b Yen Bie 5: | —_ ro a 
; a > = > | = "| ai | 
oe oa ' ee Pe AG aut “# 
| a ' i oe d 2 oh $f a Mie gt ae 
: | , oe > i? ee oe | k: ~Sa : 
gt — > ~~ a. Oa 
rt Se i —_  egumpi-. == ae 
] i ye aS RR —_ RE Pe ‘J et ee I as uy 
—— - ae ,* re csi , i 
_ CONVENIENCE... IN THE HOME. ae a ee CS a oo 
_——_——  _ — a be } a ig. “/ 
' fess ae rf Ss ly 4 4} 8 LS ee 
i | Se Bee eggs . eee ey 
;  ——- 4 a ec ee DL yee ree 
|= fr <2 oie a 
> Bb ide ~~ ae MEAITHILS <cAck.CC~C~” 
eee “ “i ae HEALTHIER STOCK... 
f : aan ; x a . < + ‘ " CD SERIES Sate le Op a “e 
A ' 4 ke Se E a j ‘ ce e : HN, 
} F ~~ @ + i F ‘ » : ae. ¥ 
f — ee ~ ~~) dl 2 
wt Vie . o— -= aM a 
+2 , pie - Sea 3 ae, > § . a bes ee 
F i aa Oe _. 2 : = = ; plea \ 
Zs i - - <a ——— ff — |. 
i ee )=6— ig ta ke 
Fe Sa a . ¥ om -. i "| 
: on se —s a [| eo Laks ri 
i ae bok \ a” 
ON THE FARM .. . EFFICLENCY ho Ei . hs 
r . : ry eT + BP. 
:s . Se renee ; a ‘ “ACA 
Ey os - > eS  - 
. 3 — i iN ' y” &. Se - Se 
a a a YT Sie 
f Ope aa, “ 
re. : ; Se t 
oe LT esas | 
; in. tn § 
: 4 ( ¥ Pen, Bere “Saat gg - — —s e ° | F 
7. Aas GS ewes Moe a 2 : : ‘ ad * i a 
a ." OE EES tiki ie ae VY sgiecme me paw - me | 
4 8 eee _— |} Yaar 
j ° ve % © = a al Sines ; we e ae ea ane ons iagcee 2 ae | 
; , 0 8 ee ee Se 
_ a Bei, Meade tation 2 Deemer nanan 
3 : we A HES eal as aa | 
A. ie Wa Se 
a ee eee eC | 
Be . 2 Ef a eee rages jeg fg | F 0 TE I iro 
—8 GENERAL ‘(3% ELE be 3 
ai] GENER. ELECTRIC ~ | 
Rt, tae 4 bs ‘= i x . ; ; in 
a — Bae: Sete: aa ; Boe Ye i, sauna ¥ Bes, anaes Clty anne ene ee eens Ste 
ol 8 a is rae: a a By, i Vy ee tale ae ts i 
AGRICULTURAL ENGINEERING for June 1947 263 
— 
Te reese ee . _——— = 
a ee oe Se he ae err ee ii —— . of 
ey, dive) > ee (oD ere Ue ipod TS ear age 8 IR Rie = 2 aa i eee 


| Personals of A.S.A.E. Members 


L. E. Bartlett has resigned as special representative of the American 
Lumber and Treating Co., to accept a position with the T. R. Miller 


Mill Co., Brewton, Ala., where he will be in charge of treated lumber 
sales. 


Ralph J. Bugbee, in charge of rural electrification activities of the 
Central Vermont Public Service Corp., is doubtless largely responsible 
for his company being the recipient of the 1947 Martin Award which 
is made annually by the Edison Electric Institute “to the electric oper- 
ating company which makes the greatest contribution to the progress of 
rural electrification and agricultural advancement within the company’s 
territory”. 


Chester P. Davis, Jr., recently joined the staff of the farm industry 
division of General Electric Company to deal with agricultural engi- 
neering problems. 


Roy E. Hayman was recently appointed agricultural development 
engineer of the southwest division of the Public Service Co., of Okla- 
homa with headquarters at Chickasha, Okla. Mr. Hayman has a long, 
excellent record in rural electrification work in his state. 


David Meeker has resigned as manager of the education of Harry 
Ferguson, Inc., to become director of education of the Dearborn Motors 
Corporation, Detroit, Mich. From 1941 to 1943, Mr. Meeker was as- 
sistant director of the Office of Agricultural Defense Relations, and in 
1943 was appointed chief of the Farm Machinery and Supplies Branch 
of the War Food Administration. Later he was made director of the 
Office of Surplus Property and Reconversion, and recently he was ap- 
pointed by the Secretary of Agriculture to the joint USDA-land-grant 
college policy committee. 


Robert P. Messinger has been advanced from the position of vice- 
president in charge of the farm implement division of the International 
Harvester Company to the position of vice-president in charge of the 
Company's foreign operations. 


Leland E. Morgan has been transferred from research associate in 
agricultural engineering, Louisiana Agricultural Experiment Station, to 


assistant agricultural engineer in the Louisiana Agricultural Extension 
Service. 


Robert H. Smith, for many years instructor in farm mechanics at 


the New York Agricultural and Technical Institute, at Canton, is now 
associated with the Robinson Farm Equipment Co., International Har- 
vester retail farm equipment dealers of that city. 


Herbert N. Stapleton has accepted a position as research professor 
of agricultural engineering at the Massachusetts Agricultural E «peri. 
ment Station. His previous position was that of agricultural en: ineer 
for the Green Mountain Power Company at Shelburne, Vermont. 


James W. Stratton who served in the Army Air Forces durin2z the 
war is now employed as soil engineer with the Bureau of Reclam:tion, 
U. S. Department of the Interior, at Ephrata, Wash. 


Henry E. Wichers, formerly professor of architecture, Kansas State 
College, is now extension specialist in rural housing at the State College 
of Washington, Pullman. 


N.R.S.S.P. Publications 


HE National Roster of Scientific and Specialized Personne!, U.S. 

Department of Labor, recently announced a “Description o! Pro- 
fessions” series of seven pamphlets introducing briefly the agric. tural 
and biological sciences, engineering sciences, medical service o:cupa- 
tions, medical professions, miscellaneous professional fields, piysical 
sciences, and social sciences. 


At the same time it published a tabular “Distribution of Roster 
Registrants” by professional field, sex, age, and extent of education, as 
of December 31, 1946, and a price list of its publications to March, 1947. 

Agricultural engineering is covered in three pages of the description 
of enginering sciences, approximately the same space given to other 
branches of engineering, with subheadings on occuptational summary, 
major branches, functional specializations; licensure, professional affilia- 
tions, and civil service ratings; educational qualifications, related pro- 
fessional fields, and sources of employment. A limited supply is avail- 
able for free distribution on request to the National Roster, and addi- 
tional copies are available from the Superintendent of Documents, U. § 
Government Printing Office, Washington, D. C., at 15 cents. 


The N.R.S.S.P. also has covered agricultural engineering in a sepa- 
rate handbook of descriptions in specialized fields, available at 5 cents 
per copy from the Superintendent of Documents. 


Copies of the Distribution of Roster Registrants are available free on 


request to the National Roster. It shows a total of 806 agricultural 
engineers on the Roster, and their distribution. 


How to design Dry, Ratproof 
Concrete Floors for Corncribs 
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RY, ratproof storage facilities for money crops 
D such as corn, are of increasing interest to 
farmers. An air space between a concrete floor and 
the ground allows ventilation of the underside of 


the floor and insures a dry floor regardless of ground 
moisture conditions. 


Our concrete information sheet, “Susp«nded 
Corncrib Floors of Reinforced Concrete”, gives the 
engineer complete design data—describes every step 


in building corncrib floors with or without seller 
drag trench. 


Agricultural engineers may have a free copy of 


this new folder on request. Distributed only in 
United States and Canada. 


PORTLAND CEMENT ASSOCIATION 


Dept. Aé-1, 33 W. Grand Ave., Chicago 10, Illinois 


A national organization to improve and extend the uses of conci!e .-- 
through scientific research and engineering field work 
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Quo Wee 20 War veteran with a great 


service record. Won military commendation 
for ease and speed of erection, utility and 
strength. Claims “without fear of successful 
contradiction” to be the world’s most versatile 
building. All-steel, and 20 feet wide. Length 
variable, in 12-foot extensions. Walk door, two 
windows and ventilating louvers in end walls 
standard; side-wall windows also available. 


Quonaet 2¢ A vote for the Quonset 


24 is a vote for finer farm buildings. It stands 
for better storage space for animals, vehicles, 
tools ... and keeps on standing for years and 
years. Very adaptable to changing needs. Width, 
24 feet; length to suit, in 12-foot sections, with 
choice of open front, solid panel or sliding door 
in each section. Standard end wall is solid, 
but end-wall door and window are available. 


Quon ace 40 The people’s choice for , Om © 


a building that’s big in everything but cost. 


: ' WW 
y crops , t : A: L—) y 
: P gp Length is variable, in 20-foot extensions; E > 
2rest to width is 40 feet. That leaves a big, clear-span a 
— i interior that can be partitioned in any way 
; R you like, if you like. Big free-sliding door, four 
rside of § windows and ventilating louvers in each end 
es panel are standard; side-wall windows avail- 
ground | able. What a buy for a barn! : noe EGS 
= ewer 
pe nded *REG U.S. PAT. OFF. STRAN}) STEEL 
. 2 FRAMIN 
1ves the 
ery step Whichever way you vole - 
Si ller ‘ " ° op ge 
me ; You Get a Strong, Sturdy, Fire-Resistant Farm Building 
f You really can’t go wrong with a Quonset—any Quonset. All three share the 
copy 0 sturdiness, the fire-resistance and the permanence of all-steel construction. 
only in | And all three bring you the simplicity and flexibility of Stran-Steel framing, 
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with its exclusive nailing groove for attaching other materials. Quonsets go 
up in a hurry, and won't sag, warp or rot or be bothered by termites. See your 
local Quonset dealer for full details, or write for his name if you don’t know it. 


GREAT LAKES STEEL CORPORATION 


Stran-Steel Division « Dept. 27 e Penobscot Bldg. e Detroit 26, Mich. 
UNIT OF NATIONAL STEEL CORPORATION 
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Let this 20-Arorse Jeam 
Handle Your Heavy-Duty Power Jobs 


Turning up 20.5 hp. at 2200 R.P.M. the Model VE-4 
WISCONSIN Standard Air-Cooled Engine (left) and 
the Model VE-4 Complete Power Unit (right), can al- 
ways be depended upon for continuous, heavy-duty 
operation in any kind of service, on any kind of 
equipment within their power range. 

Positive, trouble-free AIR-COOLING; dynamically bal- 
anced crankshaft mounted on tapered roller bearings, 
front and rear; high tension magneto with impulse 
coupling for quick, easy starting in any weather... 
these are features that you can bank on for top per- 


formance, 


Specify Wisconsin Air-Cooled Engines for YOUR equipment 
.+-for most hp.-hours of service, at the lowest overall cost. 
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STEEL BELT LACING 


World famed in general serv- 
ice for strength and long life. A 
flexible steel-hinged joint, smooth 
on both sides. 12 sizes. Made in 


steel, ‘Monel Metal’ and non- 
magnetic alloys. Long lengths 
supplied if needed. Bulletin A-60 
gives complete details. 


Fil 


BELT FASTENERS AND RIP PLATES 


For conveyor and elevator belts 
of all thicknesses, makes a tight 
butt joint of great strength and 
durability. Compresses belt ends 
between toothed cupped plates. 
Templates and FLEXCO Clips 
speed ogee 6 sizes. Made 
in stee ‘Monel Metal’, 


non- 
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“CONVEYOR BELTS EASILY FASTENED” 


magnetic and abrasion resisting 
alloys. 

By: using Flexco HD Rip Plates, 
damaged conveyor belting can be 
returned to satisfactory service. 
The extra length gives a long 
grip on edges of rip or patch. 
Flexco Tools and Rip Plate Tool 
are used. For complete 
information ask for 
Bulletin F-100. 


Sold by supply houses 
everywhere 


4677 Lexington St. 
Chicago, Ill. 


oh i a 
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NEWS (Continued from page 262) 


Committee consists of J. C. Cahill, Detroit Edison Company; “. W. 
Farra||, Michigan State College, and J. W. Shields, United States Rub- 
ber Company. 

Approximately 70 A.S.A.E. members and guests attended th. Sec- 
tion meeting, the program of which included two outstanding fe>:ures: 
a report on a study of farm machinery costs and requirements for \{ichi- 
gan farms by W. N. Hart of Michigan State College, and a :.otion 
picture showing a design of farm structures for improved efficiency pre- 
sented by W. R. Peterson, agricultural engineer, Internationa! Har. 
vester Company. 

Following the program and luncheon, a tour was made ti rough 
the United States Rubber Company's tire factory where the pro uction 
of rubber tires was observed. 


1948 A.S.A.W. Convention in Washing‘on 


NNOUNCEMENT was made last month of the decision \ hold 
the 1948 annual convention of the Association of Souther: Agri- 
cultural Workers in Washington, D. C., February 12, 13, and 14, 
Heretofore this meeting has usually been held somewhere in one of 


the southeast states. 


Summer Course in Rural Housing 


HE University of Illinois, College of Agriculture, Urbana, Illinois, 

has announced a full-time graduate course in rural housing, tor the 
period July 7 to August 2, 1947. Deane G. Carter, professor ot farm 
structures, will handle the course, assisted by Miss Margaret Goodyear 
of the home economics department. ‘This work will be offered at the 
graduate level of one unit of credit, equivalent to four or five semester 
hours”, Professor Carter said. “One-half of the course covers the prob- 
lems of functional planning, remodeling, home improvements, and 
housing requirements. Special problems portion of the course wil! deal 
with each student's field of interests and include use of visual aids, edu- 
cational programs, and applications.” 

This course is intended primarily for women who want special 
training in housing; however, arrangements have been made to admit 
men students who will enroll in agricultural engineering courses. Fur- 
ther details regarding the course, enrollment, cost, etc., will be supplied 
by Professor Carter who should be addressed in care of the axricul- 
tural engineering department, University of Illinois, Urbana. 


Midwest Flood Control Conference 


Midwest Flood Control Conference is to be held at Indianapolis, 
Indiana, June 18 to 20. 

David H. Harker, chief engineer of the Indiana Flood Contro! Com- 
mission, is general chairman for the conference, which is said to be 
“the first attempt of midwestern states to get together among them- 
selves and with federal agencies in determining how flood contro! prob- 
lems can better be studied and solved.” 

States included in the area to be considered are Arkansas, I\linois, 
Indiana, Iowa, Kansas, Kentucky, Michigan, Minnesota, Missouri, Ohio, 
Oklahoma, Pennsylvania, Tennessee, West Virginia, and Wisconsin. 

Federal agencies expected to be represented include the Corps of 
Engineers, U. S. Army; Soil Conservation Service, Forest Service, and 
Weather Bureau of the U. S. Department of Agriculture, and the 
Bureau of Reclamation and Geological Survey of the U. S. Department 
of the Interior. 


One of the featured speakers will be J. C. Dykes, assistant chief 
of the U. S. Soil Conservation Service. Land use and other agricultural 
considerations in flood-control planning are to be adequately rcepre- 
sented. 

An attendance of between 200 and 300 is expected. The com! crence 


is to be held at the Severin Hotel. 


| 


Necrology 


HENRY CHARLES GOTCHER was fatally injured May 16, nes: Ard- 
more, Oklahoma, when he encountered unfavorable weather in |.» per- 
sonal plane. He was attempting a forced landing under poor y ~ Dility 
conditions when his plane struck trees, exploded, and burned. 

He was born at Sherard, Mississippi, October 10, 1915; an’ ma 
jored in agricultural engineering at Mississippi State College ob’ ining 
his bachelor of science degree in 1937. While in school he had en a 
member of the student branch of the American Society of Agric. ‘ural 
Engineers. 


After his graduation, Mr. Gotcher had returned to his hove to 
work on the family cotton plantation. His progressive mechan ation 
of the operations led to his development of a propane-burning flame 


cultivator in 1944, and to the formation of the Gotcher Engineerin: and 
Manufacturing Co., of which he was president and designing ¢i-ineet 
at the time of his passing. 

He had been elected a member of A.S.A.E. in June, 1946, ai. was 
scheduled to present a paper on “Mechanical Features of Flame ‘ ulti- 
vators”, June 23, at the annual meeting of the Society in Philadc \phia. 
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These discs minimize breakage.. .Y 

When rocks catch their edges the 
discs resist splitting-or chipping 
because they’re tough, heat 
treated Nickel-chromium steel. 

Many different alloys were 
tested under severe tillage condi- 
tions before Ingersoll Steel Division 
of Borg-Warner Corporation succeeded 
in developing this special steel... 
now well known as “Super-Alloy.” 

Corresponding to Type 3160 steel in Nickel, 
chromium and carbon content, “Super-Alloy” 
gives harrow discs extra stamina for long, 
trouble-free performance in rocky soil where 
ordinary metal discs tend to break or wear 
excessively. 

Parts fabricated from steels alloyed with 
Nickel provide extra stamina. That’s why 
Minneapolis-Moline Power Implement Company, 
maker of the Wheatland Disc Plow and tractor, 
shown above, use numerous Nickel steel parts, 
including gears and axles for all their tractors. 


Field scene showing Minneapolis-Moline’s 
Universal Tractor and Wheatland Disc Plow. 


Over the years, International Nickel has accumulated a fund of useful 
information on the selection, fabrication, treatment and performance 
of engineering alloy steels, stainless steels, cast irons, brasses 
bronzes and other alloys containing Nickel. This information and data 
are yours for the asking. Write for ‘‘List A’’ of available publications. 


TRADE MARK 


THE INTERNATIONAL NICKEL COMPANY, INC. s2w/fthc3's' 
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_ DEARBORN i, MICHIGAN 


~ Engineered for 
YOUR Product 


\ There is a wide variety of | 
EWC wheels and axles for — 
every. type ot mobile equip- _ 

F mént ... one or several may 
be ideally suited to your pro- — 


duct. For unusual wheel prob- 


: lems, we offer you a complete ae 
_ engineering: Service, with a — 
ee thoroughly — exper- 
ienced staff andun- _ 
. @xeelled facilities. _ 
5. Write todayforcom- 


- plete informatiog. 


¢ WHEEL | air 


Applicants for Membership 


The following is a list of reeent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society are 


urged to send information relative to applicants for consideration oy the 
Council prior to election. 


M. Conner Abrens, Pine Manor, Pullman, Wash. 


Kenneth K. Barnes, graduate student in agricultural engineering, |owa 
State College, Ames, Iowa. (Mail) 495 Pammel Court. 


Donald R. Burrowbridge, agricultural engineer, Illinois Nort\ern 
Utility Co. (Mail) Belvidere, Ill. 


Mathis R. Bush, 631 West 6th St., Chattanooga, Tenn. 


Arnold B. Fischer, soil and water conservation contractor, 309 North 
7th Street, Sedalia, Mo. 


Herman W. Glover, Cleveland, Georgia. 


Harold E. Gulvin, instructor and extension specialist in agricultural 
engineering, Rhode Island State College, Kingston, R. I. 


Md. Fazlul-Haque, suboverseer, Under Government of Bengal. 
(Mail) c/o S. M. Najmal-Haque, Agricultural Engineering Dept., Cor- 


nell University, Ithaca, N. Y. 


H. Conley Hayes, farm utilization supervisor, Pennsylvania Power 
& Light Co., Williamsport, Pa. (Mail) 1633 Scott St. 

Heggie N. Holtan, agricultural engineer, Soil Conservation Service 
(Research), USDA. (Mail) R. R. No. 1, Box 117, Blacksburg, Va. 


Burton S. Horne, instructor, farm training courses, Veterans Admin- 
istration. (Mail) Ringtown, Pa. 


David A. Horner, R. R. No. 3, Columbia, Mo. 


Arthur L. Jess, agricultural engineer, Bureau of Land Management, 
USDI. (Mail) The Dalles, Ore. 


Bernard C. Mathews, vice-president, American Crop Drying Equip- 
ment Co., R. R. No. 2, Crystal Lake, Ill. 


Walter E. Matson, student in agricultural engineering, Washington 
State College.. (Mail) R.R. No. 1, Box 32, Kalama, Wash. 


Adolphus J. Miller, assistant professor of agricultural engineering, 
Virginia State College, Petersburg, Va. 


Doremus L. Mills, development engineer, Revere Copper and Brass, 
Inc., Rome, N. Y. 

Clement L. Montgrain, rural electrification specialist, Rural Electri- 
fication Bureau, 89 E. Notre Dame St., Montreal, Quebec, Canada. 


C. L. Roberts, special tillage traveler, International Harvester Co. 
(Mail) 2500 Illinois Ave., South Gate, Calif. 


Robert R. Robinson, manager, Robinson Ventilating Co., Zelienople, 
Pa. 


Vernon Selde, Davenport, Wash. 


Maurice W. Shier, manager, Shier & Shier, conservation contractors, 
R. R. No. 5, Sparta Road, St. Joseph, Mo. 


Mark E. Singley, instructor in agricultural engineering, Colleze of 
Agriculture, Rutgers University, New Brunswick, N. J. 

Edwin F. Wadelton, design engineer, Killefer Mfg. Corp. (Mail) 
P. O. Box 262, Whittier, Calif. 


Harold V. Walton, instructor in agricultural engineering, Pennsyl- 
vania State College, State College, Pa. 


Leo T. Wendling, Jr., agricultural engineer, Soil Conservation Serv- 
ice, USDA. (Mail) Syracuse, Kans. 


H. D. Wittmus, student in agricultural engineering, Univers ty of 
Nebraska. (Mail) Papillion, Nebr. 


TRANSFER OF GRADE 
Herold F. Bruns, agricultural engineer, The Toledo Ediso: Co., 
Defiance, Ohio. (Mail) R. R. No. 2. (Junior Member to Member: 


Harold J. Butler, partner, Butler & Hendrickson, Hector, *'inn. 
(Junior Member to Member) 


James E. Day, agricultural engineer, Soil Conservation S<° ice, 
USDA. (Mail) 708 East Center St., Searcy, Ark. (Junior Mem! © to 
Member) 

George W. French, assistant agricultural engineer (BPISAE) |: DA. 
(Mail) Agricultural Engineering Department, Michigan State Co ze, 
East Lansing, Mich. (Junior Member to Member) 

Winfred G. Glover, agricultural engineer, Soil Conservation Se: ice, 


USDA. (Mail) 104 Second St., Prescott, Ariz. (Junior Memb. to 
Member) 


R. Henry Jones, farmer, R. R. No. 3, Box 96, Vicksburg, ‘\iss. 
(Junior Member to Member) 


J. J. Paterson, assistant professor of agricultural engineering, | ni- 
versity of Manitoba, Fort Garry, Winnipeg, Man., Canada. (Jv 110r 


‘Member to Member) 


Fred C. Yoder, Jr., farm equipment retailer, Minerva, Ohio. (Mail) 
300 E. Line St. (Junior Member to Member) 
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With positive Baldwin-Rex Roller Chain drives on a roller chains have important advantages that add to 
corn picker, there’s less danger of losing or damaging the efficiency and over-all compactness. Two or more 
corn. For roller chains assure the exact timing so sprockets can be driven from a single power source, 
necessary in the picking and husking operations. and the chain can be flexed in either direction, features 
There’s no slipping to throw the machine out of time that save considerable space and permit a single drive 

with resultant loss of corn. to turn shafts in opposite directions. 
As the drive design of this corn picker illustrates, For economy, long life, and the most efficient oper- 
ation, rely on Baldwin-Rex Roller Chains for all farm 

1a equipment drives. 
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BALDWIN-REX-—- 


Write for complete informa- F 
0 ye So. engl “ - MROLA KE ha CHAIN S 
drive problems. There 


‘ligation. BALDWIN-DUCKWORTH DIVISION OF CHAIN BELT COMPANY 


376 Plainfield Street, Springfield 2, Massachusetts 
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COVER MACHINERY TRUCK AND WAGON 
COVERING 


COVER CRIBS 


COVER BINDER CANVAS _ PROTECT 
CONCRETE 
On farms — like any other business — every dollar saved is 
that much profit. Wind, rain, sleet, snow — exposure of every 
kind — can do much damage to harvested crops, machinery, 


buildings. With Sisalkraft much of this loss can be avoided. 


Sisalkraft is ideal for temporary silos — emergency storage 
of grain — covering hay stacks — protecting machinery — 
curing concrete — lining poultry houses — protecting the 
home — plus many other uses. Costs little. Tough, tear- 
resistant, and waterproof. Can be used again and again. 


Sisalkraft is sold through lum- 
ber dealers everywhere. Write 
for folders on Sisalkraft’s many 
farm uses. 


SORES TTR sogeenamrnrm 


Me SISALKRAFT, FIBREEN, | 
ISALATION, SISALTAPE AND COPPER-ARMORED SISALKRAFT 


This old fellow would be amared to 
see the modern wheeled equipment 
which has turned want into plenty. 


Wheels that were adequate for the patient and plod- 
ding ancients would be utterly useless today. We 
demand action — efficiency — speeds — and un- 
interrupted production — in order that the many 
may enjoy the fruits of agriculture and industry at 
lowest possible costs. WHEELS “by French & Hecht” 
are soundly engineered to meet the exacting de- 
mands of TODAY. Mobile equipment is only as 
strong as the wheels upon which it is mounted. We 
know how to design, test and produce wheels capa- 
ble of meeting the responsibilities entrusted to them. 
a WHEELS “by French & Hecht” with con- 
ence. 


Send Your Wheel Problems to Us 


Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne) | 


Service at its headquarters office in St. Joseph, Michigan, as a clearing 
house (not a placement bureau) for putting agricultural engineers seek. 
ing employment or change of employment in touch with possible employ. 
ers of their services, and vice versa. The service is rendered \ ithout 
charge, and information on how to use it will be furnished by the Society, 
The Society does not investigate or guarantee the representation: made 
by parties listed. This bulletin contains the active listing of ‘‘Puositions 
Open’’ and ‘Positions Wanted’’ on file at the Society’s office, <nd in- 
formation on each in the form of separate mimeographed shee':, may 
be had on request. ‘‘Agricultural Engineer’’ as used in these listings, 
is not intended to imply any specific level of proficiency, or registration 
or license as a professional engineer. 


Nore: In this Bulletin the following listings still current and previ. 


ously reported are not repeated in detail. For further information see 
the issue of AGRICULTURAL ENGINEERING indicated. 


Attention is invited to the desirability of checking on the housing 
situation when considering a new location. 


PosITIONS OPEN: 1946 MAY—O-503. JUNE—O-506. AUGUST— 
0-510. SEPTEMBER—O-516. NOVEMBER—O-523. DECEMBER— 
O-526, 531. 1947 FEBRUARY—O-540, 541. MARCH—O-5.i3, 547, 


APRIL—O-549, 550, 551, 552, 555, 556, 557. MAY—O-558, 559, 560, 
561, 562, 563, 564. 


PosITIONS WANTED: 1946 FEBRUARY—W-207. APRIL—W’-237, 
MAY—W-309. JUNE—W-320. SEPTEMBER—W-337. 1947 FEB- 
RUARY—W-373. MARCH—W-380, 382. APRIL—W-383, 386, 387, 


388, 389. MAY—W-392, 393, 394, 395, 397, 398, 399, 100, 101, 
102, 103. 


NEW POSITIONS OPEN 


CHIEF ENGINEER to head development and production engineering 
in farm machinery manufacturing organization. Location, Pennsylvania. 
Want man with experience in responsible position in farm machinery 
field, and demonstrated ability as an engineering leader with capacity 
for management. Top position. Age, middle. Salary, high. 0-565 


AGRICULTURAL ENGINEER (instructor or assistant professor rank) 
for teaching in irrigation, water conservation, and other phases of 
agricultural engineering, in a north central state college. BS or MS deg 
in agricultural engineering, with good personality, appearance, and 
ability to conduct classes. Some practical experience in irrigation highly 
desirable. Age, 25-35. Salary $3400-$4000. O-566 


AGRICULTURAL ENGINEER (associate professor rank) to take 
complete charge of research in farm housing, in a midwestern state uni- 
versity. BS or MS deg in architecture, with experience in farm build- 
ing field. Usual personal requirements for college work. Age, 30 - 40. 
Salary, up to $4500 depending on qualifications. O-567 


AGRICULTURAL ENGINEER for teaching machinery and related 
subjects in southern university. Instructor, assistant, or associate pro- 
fessor rank. Salary $3,000 to $5,000, depending on qualifications. BS 
deg in agricultural engineering required. O-568 


AGRICULTURAL ENGINEER, for development work in farm ma- 
chinery in southern state. BS deg in agricultural engineering required. 
Beginning salary $3200 for eleven months. O-569 


AGRICULTURAL ENGINEER for research in crop processing in 


southern state. BS deg in agricultural engineering required. Be inning 
salary $3200 for eleven months. O-570 


AGRICULTURAL ENGINEER with experience in tobacco «rowing, 
for research in flue curing equipment. A recent BS graduate in «gricul- 
tural engineering, interested in working on MS degree would find this an 
excellent opportunity in a new field. O-571 


AGRICULTURAL ENGINEER for teaching farm shop work i» south- 
ern state, BS deg in agricultural engineering required. Instructor or 
assistant professor rating, with salary ranging from $3000 to $2500 de- 
pending on education and experience. O-572 


AGRICULTURAL ENGINEER (assistant professor rank), ‘or Tre 
search and some teaching, mostly in machinery for diversified tropical 
agriculture, in Hawaii. BS deg, or higher, in agricultural eng neering 
or equivalent. Agricultural background, thorough knowledge of e»<ineer- 
ing fundamentals, usual qualifications for college and research work, 
plus interest in machine design. Close association with relate: work 


in sugar cane and pineapple production fields. Housing situati: \ diffi- 
cult, available housing described upon application. Salary $435 $5316. 
0-573 
NEW POSITIONS WANTED 
AGRICULTURAL ENGINEER desires work in soil and wai: con- 


servation in public service; farm machinery design or service in private 
industry; or work in extension service. BS deg in agricultural en —_— 
ing, University of Tennessee, 1947. Apprentice draftsman of soi} map , 
9 mo.; blueprint machine operator, 6 mo.; enlisted service in In: —— 
4% yeers. 9/15 hearing in right ear, due to blast, no handicap. Ava 
able July 1. Single. Age 25. Salary open. W-104 


AGRICULTURAL ENGINEER desires research or sales engineering 
in the soil and water field, or engineering in the processing l= 9 
products. BS deg in agricultural engineering, University of Tennes "4 
1947. Surveying 3 mo part time as co-op student; salesman in = 
ment stores, part time; infantry enlisted and commissioned ser 4 
3 yrs., including troop command in Burma and China, and — 
ration purchasing officer for Chinese government. No physical = ; } 
Available on short notice. Single. Age 24. Salary $2800. W-it 


(Continued on page 272) 
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100 Years of Progress 


It was in 1847 that Daniel Massey, 
a Vermont farmer, started making 
farm tools for his neighbors. His 
neighbors liked them, and eventually 
The Massey-Harris Company was 
producing equipment for farmers 
everywhere. In 1944-45, for instance, 
the 21-A Self-Propelled Combine pic- 
tured above played an outstanding 
role in the work of multi-million acre 
harvest brigades. Many improvements 
and refinements have appeared since 
1847—among them the anti-friction 
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bearing. Today, 100 years later, vital 
rotating parts of Massey-Harris prod- 
ucts depend upon SxS Bearings, for 
Sos Ball and Roller Bearings im- 
prove efficiency and reduce operating 
costs. Because S&0SiP makes many 
types of anti-friction bearings, StS 
engineers are in a position to give you 
expert help in selecting the right 
bearing for the right place. 6262 


Srcr INDUSTRIES, INC. 
Front St. & Erie Ave., Phila. 32, Pa. 
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Cultivating a contoured field with Farmall A. 
Corn and hay are planted in alternate strips. 


The Pavorites Year After Year. . 


FARMALL TRACTORS 


Farmers today want FARMALLS more than any other make of 
tractor. They know that with these versatile tractors they can car- 
ry out terracing, contouring and other soil conservation methods. 
In the Farmall System of Farming, there is complete equipment 


for every approved farming practice. 


As new machines are designed by Harvester engineers for specific 
jobs, they are adapted to the Farmall System to bring every farm- 
ing region the diversification and specialization of farm machinery 

it needs . . . to attain the best returns from the soil 


and increase farm profits. 


INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue CHICAGO 1, ILLINOIS 


A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 


only $1.40 


The ONLY binder that 

opens flat as a bound book! 

Made of durable imitation leather, 

nicely stamped on front cover and back- 

bone, with name of journal and year 

and volume number, it will preserve 

your journals permanently. Each cover holds 12 issues 

(one volume). Do your own binding at home in a few 

minutes. Instructions easy to follow. Mail coupon for 
full information, or binder on 10-day free trial. 


seeseceeeseneesesa MAIL COUPON TODAY seseeaeceneueaaaan 


SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit, Mich. 


Mail postpaid... cnstennnebinders for Agricultural 


Sa EOC O TTR a AER OS 
Will remit in 10 days or return binders collect. 
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GEORGE R. SHIER #£=ROBT. J. McCALL 
Professional Agricultural Engineering Services 


Structures, Ventilation, Drying, Machinery Develop: ent 
and Sales Consultation, Engineering Design 


Members A.S.A.E. Room 705, 8 E. Broad St., Columbus 1. Ohio 


—_ 


FRANK J. ZINK ASSOCIATES 
Agricultural Engineers 
Consultants on product development, designs, research, 
market research, public relations 


FELLOW A.S.A.E. Suite 4300, Board of Trace Bldg. 
MEMBER S.A.E. Telephone: Harrison 0723 Chicago 4, Illinois 


RATES: Announcements under the heading ‘‘Professional Direct ory’”’ in 
AGRICULTURAL ENGINEERING will be inserted at the flat rate of 
£1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini- 
mum charge, four-line basis. Uniform style setup. Copy must be 
received by first of month of publication. 


PERSONNEL SERVICE BULLETIN 


(Continued from page 270) 


ELECTRICAL ENGINEER in India desires American experience in 
rural electrification, development, research, teaching, extension or project 
engineering. BS deg in mechanical and electrical engineering, Benares 
Hindu University, 1940. Experience in Imperial Agricultural Research 
Institute, as technical assistant to Imperial Agriculturist, on research 
and maintenance of farm machinery, 4 years; lecturer on electrical engi- 
neering and machine design, Allahabad Agricultural Institute, 1 year; 
power station engineering, Cawnpore Electric Supply Corporation, 2 yrs. 
Available any date after September, 1947, subject to passport and voy- 
age accommodations. Married. Age 34. Salary $3000. W-106 


New Literature 


1946 Book oF A.S.T.M. STANDARDS. Cloth or half leather. Five 
parts. 7000 pages. Illustrated and indexed. American Society for 
Testing Materials, Philadelphia, Pa. Prices as scheduled. Separately 
bound parts cover (1) ferrous metals, (2) non-ferrous metals, (4) non- 
metallic materials — constructional, (4) non-metallic materials — coal 
and coke, petroleum products, aromatic hydrocarbons, soaps, waters, 
textiles, gaseous fuels, and (5) non-metallic materials — electrical in- 
sulating materials, plastics, rubber, paper, shipping containers, and ad- 
hesives. A total of 1400 standards are covered. Supplements are to 
be published late in 1947 covering subsequent standards and changes. 


Research Notes 
(Continued from page 261) 


In addition to the laboratory, two new tobacco barns are being con- 
structed at the Oxford station. They are of the same design as those 
built a year ago, but each one will be equipped with a heating system 
different from those used last year. A third new barn, to be started 
soon, will be of steel. Various types of ventilators will be studicd dur- 
ing this season’s curing, as well as all types of fuel. 


On the basis of results in the tests so far, Dr. Brown is of the 
opinion that it should be possible to cure out 700 sticks of tobacco with 
700 Ib of coal or 70 gal of No. 3 fuel oil. This is a goal for the ex- 
periments, for no one has yet achieved so high a degree of ficiency. 
To cure out better tobacco and save fuel, Dr. Brown advises growers to 
insulate their barns and provide means for controlling the ven‘:/ation. 
If these things are done, heat distribution in the barn will be «reatly 
improved. A well-chanked log barn, he points out, is well insulated 
and is probably as good a barn for its cost as a farmer can buil’ 

In some bright-leaf tobacco areas there is abundant woo! usable 
only as fuel. Many farmers therefore prefer to burn it in tobacc’ curing 
barns rather than more expensive fuels. Controlling wood firc:, how- 
ever, requires the full-time attention of responsible workers. \ ‘oy of 
the tobacco barn fires which take a high yearly property toll i: North 
Carolina and other parts of the flue-cured totbacco region can }: traced 
to inadequate care in tending heaters. Dr. Brown reports, ‘ wevel, 
that attention is now being given at the USDA Forest Products | sbora- 
tory, at Madison, Wis., to the development of an automatic woo '-burn- 
ing furnace with a thermotatically controlled draft, which wo ld do 
much to make wood safer and more efficient ar fuel for tobacco barns. 
* A new USDA agricultural engineer assigned to the tobacco curing 


research is James M. Stanley, who comes to the Farm Electrification 
Division staff from the Virginia Agricultural Extension Service. 
Stanley is a graduate in agricultural engineering of Virginia Poly- 
technic Institute, and a junior member of ASAE. He was a captain 
in the Army, and was stationed in Japan during the winter of 1° i5-46. 
After a few months at Oxford, Mr. Stanley will go to Tifton, Ga., 
for parallel curing investigation in cooperation with the Georgia Coastal 
Plain Experiment. 
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